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1.0 SUMMARY

The expanded use of composite materials in primary aircraft structures requires an improved
understanding of their durability. An experimental program was conducted from November 1977
to December 1990 to evaluate the influence of aircraft-associated environments on the performance
of three composite materials systeras that are available commercially. More than 7,000 specimens
made from T300/5208, T300/5209, and T300/934 were exposed for as many as 10 years and then
tested for residual strength.

Materials were purchased and processed according to existing specifications. Each material was
evaluated for mechanical and chemical baseline properties before exposure. Large groups of
specimens then were weighed, measured, assembled into fixtures, and deployed for exposure.

Sets of specimens were sent to three commercial airlines and deployed on Boeing mode! 737
sircraft flying in daily revenue service. The airlines, chosen for their willingness to support the
required tasks and to provide a variety of flight environments, were Air New Zealand Lid., Aloha
Airlines, and Southwest Airlines.

Duplicate sets of specimens were sent to four separate ground exposure sites. Three locations
were major operating bases of the three airlines involved in the program. The fourth site, NASA
Dryden Flight Research Center, was selected because it provided a broad range of climatic
feawres. Enough ground and aircraft specimen sets were deployed to permit returns and post-
exposure evaluation after 1, 2, 3, 5, 7, and 10 years.

Sﬁ;:;men sets also were deployed to various controlled laboratory environments. The six
laboratory exposures ranged from a simple exposure using only time as a parameter, 10 a complex
exposure in a progra.amed temperature, pressure, and humidity chamber that simulated an aircraf:
ground-air-ground (GAG) cycle.

After 10 years of exposure, the tension and flexure specimens have shown little or no residual
decrease in strength baseline values: some specimens exhibited a residual-strength increase.
The short-beam shear and corpression specimens did decrease in strength, particularly after
exposure 10 wet environments. Residual-strength tests conducted at elevated temperatures wese
best ahle w0 identify environmental effects.

Laboratory tests were able to reproduce qualitatively the effects observed on the long-term
specimens. Ultraviolet radiation did not significantly affect the specimens as long as the protective
paint coating remained intact. The frecze-thaw cycle normally encountered in the ground-air-
ground cycle of commercial aircraft had no effect. Tests also showed that different materials
displayed varying responses when they were exposed to similar environmental conditions.




2.0 INTRODUCTION

The past 18 years have brought dramatic changes in the application of advanced composite
matenials to commercial transport aircraft. In 1972, NASA sponsored the 737 graphite-composite
flight spoiler service evaluation program. Five years later, Boeing began development work on a
727 elevator and a 737 horizontal stabilizer on the NASA-sponsored ACEE program (refs. 1 and
2). Other aircraft manufacturers built comparable flight demonstration anticles (ref. 3). The
knowledge derived from these early demonstration programs has contributed 10 more extensive and
complex applications. For example, the Boeing baseline design for the 777 calls for a total

ite empennage. The horizontal stabilizer on this aircraft will be larger than the entire 737
wing. Recent NASA-sponsored programs indicate that the future will bring even more
applications (refs. 4 and 3).

Advances in the composite materials have also contributed to their increased use. The science of
composite materials is relatively new and rapidly changing. The early 350°F cure epoxy systems
are giving way to inweriayer-toughened materials and newer manufacturing processes such as resin-
transfer molding (RTM) that require matrix materials with specific flow characteristics. In order to
take advantage of the advances 1n this maturing science, it will be advantageous 0 understand how
to test for and predict long-term durability from short-term accelerated tests.

Under certain conditions, composite laminates absorb moisture. Absorbed moisture can degrade
the mechanical properties of composite laminates, particularly at elevated temperatures. Aircraft
components are ﬁ?emly exposed to atmospheric moisture, rain, and accumulated (trapped)
water. Quantitative data are required to show the amounts of fluids absorbed under various service
conditions and the effect of this absorption on mechanical properties.

This program established and expanded a long-term environmental exposure database for three
composite materials. Exposure included inflight and on-the-ground aircraft operational
cavironments. The study also included accelerated laboratory exposure and a task to correlate the
long- and short-term results.

The overall program hud a duration of 13 years and involved three tasks:

+ Task I, Rlight Exposure, included--
* Coafidence through long-term exposure data.

* Interior and exterior exposure on three different airlines for times up to 10 years.
*  Over 3,200 specimens.

* Task II, Ground Exposure, included--
* Confidence through long-term exposure data.
* Solar and nonsolar exposure at four different ground stations for times up to 10 years.
*  Over 3,200 specimens.
* Baseline wstng, including the effect of temperature.

 Task I, Accelerated Laboratory Exposure and Dana Correlation. included--
* Effect of time alone.
* Accelerated tests to look at the combined effects of moisture. moisture and time,
weatherometer, and simulated GAG cvcling.
*  Over 1,200 specimens.
* Correlation of long- and short-term results.
* Recommended environmental test procedures.



A complete description of the program content was given in the first Quarterly Report (ref. 6).
Other e uml (refs. 7 through 21) have covered progress to date. The program schedule is shown
in figure 1.
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3.0 SYMBOLS AND ABBREVIATIONS

coefficient of variation

bending stiffness

Young's modulus
ground-air-ground
moisture content
nondestructive inspection
quasi-isotropic

research and development
relative humidity

residual strength

room temperature

resin transfer molding
stress

specimen thickness

glass transition temperature
ultraviolet

specimen width



4.0 MATERIALS AND PROCESSES
4.1 MATERIAL SELECTION AND PURCHASE

Materials selected for evaluation on this contract were chosen because of their prior or planaed use
on inservice demonstration components, and because they provided chemical makeup and cure
ternperature variables to the durability study. Because of the long-term nature of the planned
program, no attempt was made to select the newest materials available. Components using all of
these materials are in regularly scheduled commercial airline service as this report is being

prepared.

The T300/5208 systera was selected because of its widespread use on components in service at the
beginning of this contract. The T300/934 system was selected because of its chemical and cure

‘s!imilb?l;’ties to the 5208 system. Both systems were shown to possess similar environmenta!
urability.

The T300Y5209 systemn was selected because it is a 121°C (250°F) curing system. This system had
been used successfully on the NASA-sponsored 737 graphite-epoxy spoiler evaluation. There
were concerns, however, that the lower cure temperature would produce a less environmenzaliy
stable matenial.

Commercial products in this report are identified only to adequately describe them as test materials.
Neither the identification of these commercial products nor the results of the investigatior.
published herein constitutes official endorsement, expressed or implied, of any such produc: by
cither The Boeing Company or NASA.

Three materials were selected for evaluation:

»  Narmco T300/5208 (material A).
»  Narmco T300/5209 (material B).
* Fiberite T300/934 (material C).

Standard Boeing procedures were used to purchase the materials so that the resulting specimens
would have characteristics representative of manufactured commercial aircraft structures.

4.2 MATERIAL PROCESSING

All specimen fabrication processes had two goals: to ensure production-quality specimens ard to
minimize batch-to-batch and process-variable effects.

Materials were purchased and controlled according 10 existing Boeing material specifications or
modified versions of existing specifications. The T300/5208 system and the T 34 system
were purchased to comply with a Boeing material specification for epoxy preimpregnated graphite
tapes cured at 177°C (350°F). The T300/5209 system was purchased to comply with a slightly
modified version of the same specification. The primary changes for the 5209 svstem included a
revised cure cycle and a reduced temperature for elevated-temperature property requircments.

Receiving wspection tests were conducted and their results made part of the bascline matenial

characterization. Receiving inspection test results for all materials used on this contract can be
found in references 7 and 8.




Once accepted, the material systems were processed according to existing process specifications or
slightly modified versions of existing specifications. The modifications were essentially the same
as those made at the time of purchase. No postcuring was used. The cure cycle for the 177°C
(350°F) cure graphite systems is shown in figure 2. The cure cycle for T300/5209 is shown in

figure 3.
To minimize material and process variables, all prepreg for a specific material system was procured

from a single batch. Specimens also were cut from large, wide-area laminates. As an example, the
2,654 specimens required for the T300/5209 system were machined from only 10 laminates.

174 to 185°C (345 10 365°F:

0.5 10 3°C'min
1 t0 §"F.min}

116 10 127°C
{240 to 260°F)

Temperature
30 5 min
62 C 1140°F: -\
|
|
585 :’°g KP4 (85 "g 'b.ir2) |
20 KPa per min
{3 1b/in per rmun)
et 2
Autoclave {As mosoheric) 140 KPa {20 'b/iné;
pressure |
|
I
I \Vent bag to atmospne-e
3
829 560 mm (22 i) Mg
vacuum

T me

Figure 2. Cure Cycte for 177°C /350°F) Graphire-Epoxy Laminates
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0 «Pa 110 5 At

Vert bag to i'mospre
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Time

Figure 3. Cure Cycle for 121 C (250" F) Graphite-Epox y Lanunates
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5.0 TEST SPECIMENS

Mechanical, physical, and chemical changes were monitored for all three advanced composite
material systems. Most physical and chemical property mecasurements were made on mechanical
property test specimens.

S.1 BASIC SPECIMENS

Four different mechanical test specimens were selected for evaluation and are found in all three
tasks. They include tension, compression, short-beam interlaminar shear, and flexure. These
specimens permitted a direct cornparison between the long-term exposure data and the accelerated
laboratory testing. The rationale for selecting each of these specimens was as follows:

* Unidirectional short-beam shear specimens provided an inexpensive test to determine relative
change of matrix properties; this specimen rrovided an industry standard test, and was iceal for
external flight exposure because of its small size.

* The crossplied flexure specimens could also be made small and were therefore well suited for

external flight exposure. The 0-deg surface plies dominated the specimen strength, making the

i fiber-dominated, but sensitive to surface degradation. This configuranon allowed the

P h(;ntting of a load-deflection curve during test, thereby providing some measure of stiffress
change.

* The *45-deg tension smimens produced matix-critical data. The specimen had been used as
an industry standard. This specimen also was stressed during exposure.

* The undirectional compression specimens provided a surface-sensitive. matrix-critical

:pecimen. Evidence suggested that this configuration would be the most discriminating of the
our.

Engineering drawings of all specimen geometries appear in references 6 and 7. The four basic test
specimens are shown in figure 4.

S.2 ADDITIONAL SPECIMENS FOR BASELINE CHARACTERIZATION

In addition to the four specimens, additional laminates of tension and compression specimens were
added to the Task III accelerated laboratory test matrix. Thesc specimens are--

Specimen Confi . Laminaie |
Compression
Quasi-isotropic [ £45/0/90Q | 3s
90 deg 190159
Tension
0deg (0lg
Quasi-isotropic [ £45/0/90 |

The unidirectional laminate specimens were added to characterize more fully the material sy stems.

The quasi-isotropic specimens were included to test the performance of the materials in a laminate
that more closely resembled the actual structure.
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TEST SPECIMENS

PRGNS |

SHORT BEAM [ ;
SHEAR ] l

SHEAR
EXPOSURE

FLEXURE

CCMPRESSION

TENSION

l

0 1 2 3 7 5 6 7 8
SCALE INCHES
Figure 4. Basic Test Specimens
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Specimens made from neat resin castings and specimens intended to evaluate the behavior of the
paint film used in the long-term testing also were fabricated for Task II.

$.3 PROTECTIVE PAINT COATINGS

Composite structures in service require a coating to provide protection from ultraviolet (UV)
radiation that degrades matrix material at the surface. All the long-term ground and flight
specimens and of the specimens in the weatherometer environmental exposure chamber were
painted similarly to the NASA Aircraft Energy Efficient (ACEE) program structures. The complete
coating coasisted of one coat of primer and one coat of gloss enamel. The gloss enamel was a
polyurethane exterior protective coating. The primer was corrosion-resistant and compatible with
the gloss enamel. Most of the laboratory-exposed specimens were not painted because they

Although the paint film afforded the required UV protection to the matrix, it also posed some
problems. Among them were the following

* Absorption and desorption rates, as well as equilibrium moisture content levels, differed from
those of the composite. (See section 5.5.)

* A method of specimen identification that would not interfere with test results had to be devised.
(See section 54.1)

¢ Irregularities in paint-film thickness because of edge buildup and runs meant that specimens
sometimes were not perfectly aligned in their fixtures at the time of residual test. This could
reduce the spparent residual sength and contribute to overall data scatter.

§.4 SPECIMEN IDENTIFICATION
54.1 SPECIMEN LABELING

Considerable time was required to identify and track specimens through weighing. measuring.
painting, and reweighing. Because any method of identification capable of lasting through 10
years o eﬁm (e.g., vibro-etch) would have compromised the integrity of the test specitnen or
the paint film, a system involving stick-on labels was devised. A computer program generazed the
specimen numbers in a format that could be printed onto adhesive-backed paper and cut up inte
individual labels. These labels were initially applied 10 the specimens at the same time as the

hite-only weight and dimensions were recorded. Fixtures were built to hold the specimens
duning the painting operation. These fixtures provided a space adjucent to each individual
specimen where the label could be placed during painting. Once the paint had dried. the labe!s
were returned to the adjacent specimen.

54.2 SPECIMEN NUMBERING SYSTEM

A sFecimen numbering system was defined that identified the material system, specimen
contig

uration, geographical exposure location, local exposure condition, and exposure duration.
The seven-character alphanurneric identification scheme is summarized in figure S.
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2: SPECIMEN CONFIGURATION
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Figure 5. Specimen Numbering Systerm
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$§.5 SPECIMEN WEIGHTS

The original test program plan called for recording specimen weights before and after exposure for
the purpose of determining moisture content at testing time and to help determine items such as the
time different specimen configurations take to reach equilibrium moisture level. Initially. weight
measurements were planned for the following times.

* After storage in a drum under dry conditions at 25% to 30% relative humidity (RH). but before
painting.

 After painting. (All of the long-term exposure specimens were painted. but most of the
accelerated laboratory specimens were left unpainted.)

* After environmental exposure, but before mechanical testing or dryout.

» After dryout and before mechanical testing. (Most of the specimens were not dried before
testing.)

These planned measurements were intended to provide comparisons of weight data collecied before
and after exposure; they also fumished the initial weight of the paint for painted specimens. In
addition, many laboratory specimens were weighed throughout exposure to provide details of how
exposure contributes to moisture gain and erosion. In general, the procedure of weighing
specimens before and after exposure proved unacceptable for measuring or racking absorbed

moisture--especially when the exposure was to real-wotld conditions or complex environmen:al
conditions in the laboratory.

Recording individual specimen weights was tedious and time-consuming. Because specimen
configurations were intentionally small, weight changes because of moisture were very small.
Much larger changes resulted from other factors. such as foreign substances (dint, grease or
hydraulic fluid) on the surface of the specimen, paint chipping. or paint degradation because of
weathering. Outdoor specimens and those exposed in the laboratory weatherometer initially gained
weight. but as time passed they actually lost considerably more weight than they had gained.

For some specific exposure conditions, such as tests limited to relative humidity effects, recording
the weights for gross individual specimens may be an appropriate way of tracking moisture
absorption. However, this method was not considered acceptable for most of the exposure
conditions in this study. Individual specimen weights following exposure were not recorded after
it became apparent that the data would serve no useful purpose. Unless specifically noted. weights

and moisture contents published in this report are based on the specimen dryout procedure
described in section 5.6.

$.6 TEST PROCEDURES

The following subsections briefly describe the testing procedures for all specimen contigurations
associated with this contract. Strengths for each exposure situation and material were averaged.
and overall strength was reported as a percentage of baseline sength. Baseline values are
considered 10 be 100%; therefore, strengths reported above 100% are stronger than baseline, and
strengths reported below 100% are weaker than baseline. Baseline testing was performed at three
temperatures: room temperature, 40°C (120°F), and 82°C (180°F). Environmentally exposed
specimens were tested at room tetgg:murc and 82°C (180°F). Specimens were soaked at
temperature for S min. Test results obtained for specimens exposed 10 the elevated temperature
were compared with baseline tests for the clevated temperature.
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$.6.1 SHORT-BEAM SHEAR

Short-beam shear testing is used to measure an a%;:‘arem shear strength in composite materials.
The shear swrength is useful in comparative testing but should not be used for design. Testing was
performed and strengths were calculated ing to ASTM/ANSI standard D2344-76. The
specimens were in three-point bending. support span dimension is a function of
specimen thickness. For graphite-fiber-reinforced materials, the spanAhickness ratio is 4. Spans
for all specimens of each material were determined as a group using average laminate thicknesses.
The resulting values were:

Matenial Spapn. mm (in)
T300/5208 9.9 (0.39)
T300/5209 10.4 (0.42)
T300934 11.2 (0.48)

Specimens were loaded to fracture in a universal mechanical testing machine at a crosshead
deflection rate of 2.5 mmy/min (0.1 in/min).

562 FLEXURE

The failure load of the crossplied flexure specimens used in this contract is dominated by the
surface O-deg plies; the specimens are therefore seasitive to surface effects. Testing was
performed and strengths were calculated for extreme fiber stresses according to ANSVASTM
standard D790-71. Specimens were loaded to fracture in three-point bending at a crosshead
deflection rate of 2.5 mmymin (0.1 in/min).

5.6.3 TENSION

All tension testing was performed in either an Instron or a Tinius-Olson testing machine at a
crosshead rate of 2.5 mmv/min (0.1 in/min). The specimens were held in ordinary mechanical grips
with serrated jaws. In addition to the 0-deg specimens, the stressed £45-deg tensions were the
only specimens with loading tabs; however, the jaw serrations did not adversely affect the testing
quality of the untabbed specimens. Specimen response was monitored during each test with an
extensometer, and a load-deflection curve was plotted up to specimen fracture. Fracture load was
recorded for each test. Ultimate failure stress was calculated by dividing the failure load by the
measured specimen cross-sectional area.

564 COMPRESSION

All compression testing was performed using Celanese-style compression sgecimens and fixtures.
Tests showed that the load-deflection curves were more linear if a 13-mm (0.5-in) gage block was
inserted between the Celanese fixture jaws and a load of 2,200N (500 Ib) was applied. This
preload was intended 10 align the jaws and set the jaw semrations into the specimen tab material
without actually applying a load to the specimen.

Loading was performed at cither a crosshead deflection speed of 2.5 mm/min (0.1 in/min) or a
loading rate ot 22 kN/min (5,000 1b/min).
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5.6.5 SPECIMEN DRYOUT

One shear exposure specimen from each long-term exposure condition and for each material was
rescrved for a dryout ure at the end of the deplovment duration. Upon return to Boeing. the
specimens were weighed and then placed in a 71°C (160°F) circulating-air oven. The specimen
weights were tracked until the specimens stopped losing weight, a period usually lasting about 90
days. xhen dry, each specimen was divided into three short-beam shear specimens and tested in
the usual manner.

The maximum weight loss incurred was found to be equal to the specimen moisture content at time

of return. This value was found to represent the moisture content for all specimens of a particular
material and exposure situation.
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6.0 LONG-TERM FLIGHT AND GROUND EXPOSURE
6.1 EXPOSURE PLANS
The following sections describe flight exposure plans for Task I and Task IT exposures.
6.1.1 TASK I-FLIGHT EXPOSURE PLAN
The plan for Task I exposure is shown in figure 6. The matrix covers--
e

éﬁ ?

For the flight exposure plan, one basic interior or exterior specimen set for each composite material
was deployed at each exposure site on the aircraft. (See section 6.4.1 for a detailed discussion of
exposure sites.) Each airplane carried 98 specimens on the exterior and 81 specimens on the
interior. Altogether, 3,222 specimens were deployed. with 1,074 specimens assigned to each of
the three airlines over the course of the study. As each exposure period ended, a full specimen set
was retrieved and returned to Boeing for testing and evaluation.

Initially, only the 1-, 2-, and 10-year flight exposure specimens were deploved. As specimens
were retrieved, they were replaced with the 3-, 5-, and 7-year exposure specimens as follows.

*  One-year specimens were replaced with 3-vear specimens.
* Two-year specimens were replaced with 7-year specimens.
*  Three-year specimens were replaced with S-year specimens.

This deployment plan involved a minimum number of aircratt while keeping the total planneé
exposure duration within 10 years.

6.1.2 TASK MI.-GROUND EXPOSURE PLAN

The exposure pian for Task I testing is shown in figure 7. The matrix covers--
Geographical exposure Jocations.

Remeval periods.

Solar and nonsolar exposure.

Material systems.

Specimen configurations.

Stress states.

Replicate specimens.

Residual test emperatures.

The plan called for 135 specimens to be retrieved and returned to Bocing at the end of each
exposure period. Of these, 63 are from the solar exposure face and 72 are from the nonsolar face.

All the ground-rack specimens for T300/5208, T300/5209, and T300/934 at each location were
deployed on one rack.
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6.2 AIRLINE AND SITE SELECTION

Exposure locations for Task I flight exposure and Task IT ground exposure were based on several
factors. Three of the four ground sites were predesignated as major operating terminals of the
selected Task | airlines, so that selection criteria were heavily biased toward the Task |
requirements.

Individual factors that played a part in the selection process included--

s Airline route saructure.

e Airline fleet size and willi to support the program.
*  Gencral climatic factors within the area.

¢ Airline aircraft use.

* Political climae of the area.

No auempt was made to seek out arbitrary, worst-case environments. Instead. the selected sites
represeated typical environments expected for commercial transport structures.

A summary of the selected long-term exposure sites is shown in table 1. The selection critena
favored the use of regional airline carriers operating in a known climatic region. All three of the
selected airlines had the required fleet size (six-n;xglane minimum) and expressed an interest in the

. Air New Zealand and Aloha Airlines had provided excellent support on similar programs
in the past.

The general climatic factors within the airline route structure are summarized in figure 8.
Honolulu’s warm, moist conditions are typical of tropical climates. which provide a harsh
environment far conventional aircraft structure and are considered a potentially severe condition for

moisture absorption in ccmposites. There is little variation in temperature or relative humidity
throughout the vear.

Wellington provides a cooler but more moist environment than Honolulu. Coupled with less salar
heating, the Wellington specimens, on the average, were expected to contain more moisture than
any of the other ground-rack specimens.

Historical climate data for Dallas show moderate and fairly constant relative humidity throughout
the year, but an extreme range of eemperatures.

Tabie 1. Fight and Ground Exposure—Locations and Parbcipants

TASK 1 —FLIGHT EXPOSURE TASK I—GROUND EXPOSURE
AIRLINES RACK LOCATION COMMENT
Air New Zeatand Lid. Welington, New Zea'and Ar New Zoaland Hoadcx arters
Aloha Aiines Honolulu, Hawaii Alcha Airlines Headquarters
Sauthwest Airlines Dafas, Texas Southwest Airunes Heaoguarters
NASA-Dryden Figt Research
Center, Cali‘ornia
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The fourth ground exposure site was the NASA Drvden Flight Rescarch Center at Edwards Air
Force Base, California. This site represents arid to semiarid desent-like regions and shows a large.
seasonal variation ranging from cool and moist to very hot and dry. Based on monthly averages. it
never gets as wet as Honolulu. The Honolulu specimens were expected to absorb moisture to
some equilibrium level and then change relatively linle thereafier. The Dryden specimens, on the
other hand, were expected to undergo an annual absorption-desorption cycle for their entire
exposure duration. The residual strength tests were to assist in determining the relative seventy of
these two kinds of exposure.

The airline aircraft history of use also played a part in the selection process. Typical flight profiles
for the three selected airlines are shown in figure 9.

Aloha Airlines, which provided a unique flight environment, represents one extreme of a flight-
usage spectrum. Flights occur generally only during daylight hours and are flown in the area
bounded by the Hawaiian Islands. Their hour-per-day usage rate is relatively low, but because of
an extremely shart flight length, they accumulate numerous flight cycles.

Air New Zealand operates 737s in a maritime environment. and all airfields either have oversea
approaches and departures or are located close to the coast. Flights have a greater variation in
range than Alohu Airlines, have longer average flight durations, and fly at higher average altitudes.

Southwest Airlines, on the other hand, operates in a more arid environment. Flight range and
durution are between that of Air New Zealand and Aloha Airlines.
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Figure 9. Typical Flight Protiles

6.3 TEST SPECIMEN HOLDING FIXTURES

Because of the numerous small specimens involved in the program, fixtures were designed to hold

them in groups. This facilitated deployment and simplified identification and racking. Short-beam

shear and flexure specimens were housed in the fixture shown in figure 10. This fixture was

designed to hold up to six flexure specimens and up to three shear exposure (nine short-beam

shear) specimens. Compression specimens were housed as groups of six in a similar fixture,

xs.chfovvn in7ﬁgurc 11. The production drawing for both fixtures is shown in appendix B of
ereace 7.

The holding fixture for stressed-tension specimens was designed to minimize size and weight
while maintaining a sustained stress through a large variation in temperature. A cutaway of the
completed fixture is shown in figure 12. It consists of a ventilated titanium tube, with its
characteristically low coefficient of thermal expansion, and a custom aluminum clevis that
compensated for the near-zero thermal expansion of the graphite test specimen. The length of the
tube and the clevis were calculated so that the thermal expansion of the tube just equaled the
thermal expansion of the specimen plus the aluminum clevis.

Load was applied with the aid of a Bellviile spring washer located just outside the endcap. The
production drawing for this fixture was presented in reference 7. The stressed tension specimens
are loaded with a deadwcifht load procedure that accounts for springback in the test fixture. A
mget load of 1,100N (250 Ib) was established to provide a reasonable stress level for determining
differentiation with the unstressed specimens. This load produced a sustained stress of 22% 10
24% of RT baseline tensile swength, depending on the material system. A complete development
of the procedure used o achieve this constant load is given in reference 9.
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Figure 10. Short Beam Shear and Flexure Specimen Holding Fixture

Figure 12. Cutawsy of Stressed Tension Specimen Fixture
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6.4 SPECIMEN DEPLOYMENT
6.4.1 AIRCRAFT SPECIMEN DEPLOYMENT

Two specimen deployment locations were selected on the Boeing model 737 aircraft. These
included the flap-track fairing tailcone for exterior aircraft exposure and section 48 of the fuselage
for interior aircraft exposure. These areas are shown in figure 13.

The tailcone of the flap-track fairing offered several advantages for generating actual flight service
environmental data on the exterior of an aircraft. Because it is aft of the wing trailing edge,
acrodynamic problems were minimized. The wailcone is held to the aircraft with 16 bolts, and no
alterations were necessary in the existing aircraft structure. Once in place, the tailcone is readily
accessible for inspection. Finally, mounting specimens on the upper and lower surfaces permitted
examination of the effect of solar heating and UV radiation.

Two different modified flap-track fairing tailcones were designed. The first version carried three
of the fixtures made to hold iraens for short-beam shear and flexure testing on the upper
surface, and three additional fixtures on the lower surface. The fixtures were attached to the
tailcone with bolts and floating nutplates. A second tailcone was designed to hold four tension
specimens on the upper surface and four more on the lower surface. Because the tailcones are
essentially conical, it was possible to position the specimens along radial lines and, with a slight
amount of shimming, ensure that they lay flat (unstressed) during exposure. Bolts and floating
nutplates were again used to attach the specimens to the tailcone.

The tailcones, specimens, and holding fixtures were assembled at Boeing and sent to the airlines,
ready for instaliation. This reduced the downtime and installation time required of the airlines.
Two modified tailcones are showa in figures 14 and 185.

» Exterior (taikone)

inter or

Exterior caincone!

Figure 13. Flight Exposure Locations—Boeing 737



Figure 15. Tailcone With £ 45-deg Tension Specymnens Atached
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The second area selected for specimen exposure was section 48 of the Boeing model 737 fuselage.
The location is aft of the pressure bulkhead and ahead of the auxiliary power unit firewall. The
specimens were exposed to the ambient temperature and relative humidity because of sizable
openings through the side of body for the horizontal stabilizer. This region also provided the large
geometry envelope necessary for stressed exposure testing.

Short-beam shear, flexure, and compression specimens were grouped in the specimen-holding
fixtures described in section 6.4 and attached to the fuselage stringers. This was accomplished by
adopting a nyloa stringer clamp normally used in production to attach wiring bundles. Figures 16
and 17 show a mockup of the finished installation.

Figure 17. imterior Aircraft Compression Specimen Fixture




Fi 18 shows six tension specimens exposed on the interior of the aircraft. In this case, the
nylon stringer clamps, along with standard fasteners and phenolic washers, were adequate. and no
additional fixturing was required.

Stressed-tension fixtures also were attached to the fuselage stringers. The previously described
nylon stringer clamp did not lend itself to this installation, so a phenolic saddle was designed that
would attach to the stringer without the need to have holes drilled in the fixture tube or stringer.
Figure 19 shows the complete installation in mockup form.

Figure 18. interior Aircraft Tension Specimen Fixture

Figure 19. Intenor Aircraft Stressedt Tension Spec:men Fixture
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6.4.2 GROUND SPECIMEN DEPLOYMENT

A rack was designed to expose specimens to both solar conditions (all aspects of ambient
environment, including direct sunlight) and nonsolar conditions (all aspects of ambient
environmeat except direct sunlight). Consideration was given to--

Exposure area requirements for each retrieval station.
Maximum retrieval flexibility.

Shielding noasolar specimens.

General simplicity for minimum cost.

Rack tansportation and setup.

The resultant rack design consisted of an aluminum mainframe and 36 insert panels. Each insent
panel or exposure station was designed 10 hold all of the specimens of one material system for one
exposure time to cither solar or nonsolar exposure. The area requirement for solar or nonsolar
exposure for each material system at cach withdrawal time is approximately 0.09m2 (1 f12).

e ¢ & o o

The 36 exposure stations were housed on a tniangular frame nominally 2.7m (9 ft) long by 0.6m
(2 ft) high. The rack mainframe was primarily 6061 aluminum alloy with welded construction.
This provided the required stiffness for the lattice to which each exposure station was attached.

The exposure stations or insert panels consisted of 2024-T3 aluminum sheets that were drilled to
receive the appropriate specimens and then painted. They were attached to the mainframe with four
quarter-tumn quick-release fasteners. One insert panel design, shown in figure 20, was used for
solar exposure, and the design shown in figure 21 was used for nonsolar exposure.

Figure 20. Solar Ground Exposure insert Pane!
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Figure 21. Nonsolar Ground Exposure insert Pane!

Nonsolar specimens were shielded from direct UV impingement with a slab of phenolic
honeycomb core as shown in figure 22. This design provided adequate air circulation and allowed
precipittion to drain down the individual cells and on the specimens.

A completed rack is shown in figure 23. The 18 solar exposure panels. complete with specimens.
are shown on the front side. The honeycomb sunshield that protects the nonsolar specimens from
direct exposure to the sun is visible on the vack side.

6.5 LONG-TERM SPECIMEN TRACKING AND LOAD MAPS

Because it was impossible to mainwin the identification tags on individual specimens. exposure
history was tracked by the imen-holding fixture. Each of the titanium fixtures and ground-
rack insert panels described previously in this section contained a gcrmanent steel, stamped
identification number. A series of load maps was prepared that identified specific specimens for
each holding fixture. An example is shown in figure 24. Once the test specimens were located in a
fixture, the paper labels that had accompanied each specimen to that point were removed. When
the fixture was retumed following the desired exposure duration. individual specimens were

reidentified before disassembling the fixture This was done cither with a new set of labels or with
ink.
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Figure 23. Ground Exposure Rack
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70 ACCELERATED LABORATORY EXPOSURE
7.1 BASELINE AND EFFECT OF TEMPERATURE ON DRY SPECIMENS

To establish basic specimen mechanical properties for the three contract materials, baseline and
effect-of-temperature testing was performed. Specimens included short-beam shear, flexure, 0-
and t435-deg tension, quasi-isotropic tension, 0- and 90-deg compression, and quasi-isotropic
compression. Normally, five neglicaue specimens of each configuration were tested at each of the
three test tures. Table 2 gives a complete breakdown of specimens and testing used for
baseline and of temperature. The specimens were tested at room temperature, 49°C (120°F),
and 82°C (180°F). This testing provided a comparison of unexposed specimen strength values
with all other testing and an indication of temperature effects on strength and modulus.

Before testing, all specimens were stored in a drum comaini:}'%desiccam that provided a dry
environment at room temperature. It was determined during The Effect of Moisture program
described in sections 7.3 and 10.3 that the actual relative humidity in the storage drum stayed
between 25% and 30%.

7.2 EFFECT OF TIME ALONE ON DRY SPECIMENS

A control group of specimens was carefully stored to evaluate the effects of time on the material
systems. Postcure effects have been observed in both structural adhesives and resin marrix
materials when exposed to mildly elevated temperatures for relatively short periods of time. It was
not known if the contract materials would show this effect when exposed to room temperature for

longer periods of time. Time-alone specimens were limited to short-beam shear and flexure
configurations.

Table 2. Test Pian for Basetine Matenal Characterizahon and Effect of Test Temperaiure

SPECIMEN CONFIGURATION AND TEST TEMPERATURE )
PLY ORENTATION AND REPLICATION PROPERTES | 4 @
Ead o3
3 |SoR |nowe | Texson |comeression | roou] e | @ |utlee| & | 3%
(120F)| (80P
5208 | By s s s L)
02445490, s 3 s s
& s s [ 15
5 s s )
I:‘ng; s 1 5 3
1| s 5 (1 s
ise sl s s 3 b
mlm ) L L] $
5200 | Repeast $208 marix 120
934 | Repeet 5208 marix 120
* Head ravel losd defaction Tom | 360




Before deployment, the specimens were stored in a desiccated 55-gal drum. For time-alone
exposure, the specimens were sealed in small desiccated jars shown in figure 25 and stored at
room temperature. Because the desiccant changed color when a centain level of moisture had been
absorbed, it could be changed as needed. Exposure durations were 1, 2, and 3 years. Overall
speciren weight change was measured immediately before testing. Half the specimens were tested
for n:sndul strength at room temperature and the other half at 82°C (180°F). Table 3 gives a
breakdown of the specunms

DO NOT DIStcRs - MST-I2 &3

J DISTURB - NASHEgy | g 2TnTent prmerty - rpy 3

~rent | : ' 2> Orlact yonn ¢ wnee

X PROGRESS - x 'i“"‘"' L. Moftman prixe 1o i
Sty o Danfel J. ne aking sea;

Figure 25. Time Alone Exposure Contasrers

Table 3. Test Plan for Eflect of Time Alone

EXPOSURE DURATION o SPECIMEN D RES:DUAL TEST < 9
AT 7°F). A% RGURATION TEMPERATURE PROPERT
et PLY ORIENTATION AND REPUCATON S - |
RELATIVE HUMIDITY sy e
y ) [
BEAM b
N I B e | REnRE roou | g | W] ee 3%
A
3208 . oL, 3 ] )
. Dy=4890,] 8 5 L)
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7.3 EFFECTS OF MOISTURE AND TIME ON WET SPECIMENS
The following sections describe the etfects of moisture and time on wet specimens.
73.1 EFFECT OF MOISTURE

The Task I laboratory exposure program contained two test plans specifically oriented toward the
effects of moisture. The initial plan, The Effect of Moisture, examined the short-term reversible
effect of moisture absorption on graphite-epoxy laminates. Test specimens were exposed to 49°C
(120°F) and four different relative humidity conditions: 40%, , 15%, and 95%.

Table 4 gives a breakdown of the specimens and exposure conditions. The specimens were
exposed until an equilibrium moisture level was achieved. They then were tested statically at both
room temperature and the 82°C (180°F) clevated temperature. Instrumentation used on this
program was similar to that used during testing of the baseline specimens. This program was
designed to show how the various laminates reacted in the presence of absorbed moisture.

Dryout specimens for cach material were included o determine whether the observed effects were
reversible or irreversible.

73.2 EFFECT OF TIME ON WET SPECIMENS

The second moisture-related test plan was The Effect of Time on Wet Specimens. Specimens that
had been conditioned to 49°C (120°F), 60% relative humidity and 49°C (120°F), 95% relative
humidity were held at temperature for up t0 2 years before residual test. A complete description of
the test plan is given in table 5. Unlike the initial moisture program, this study was designed to
determine whether or not moisture in a graphite-epoxy laminate can, given sufficient time, cause
irreversible degradation. Short-beam shear and flexure specimens were tested.

Test specimens for both programs were preconditioned in desiccators containing a glycerin-water
solution. Preparation of the solution was done in accordance with ASTM spesification E104-52,
method A. Its ability to provide a selected relative humidity was verified in the Boeing Scientific
Research Center. Initially, two instruments were used for verification: a Panametrics model 2000
hydrometer that converts a dew-point measurement to relative humidity. and a Honeywell mode!
611 that measures the percentage of relative humidity (RH) directly.

Table 4. Test Plan for Effect of Moisture

EXPOSURE ENVIRONMENT SPECINEN RAESIDUAL TEST
AT 40°C (120°F) CONFIGURATION AND TEWPERATURE pROPERTES |2 £
RELATIVE HUMIDITY. _ga;;" ORIENTATION ANO REPUCATION 0%
3 "b BEAM REXURE |Room | =€ Mt
© | © s | & uwnw o " 3 g
8208 Pl 3 s 5 : ©
. . 105:24590,), s 5 i . B ©
5200 { Repeat 5208 matnx o
$34 | Repeat 5208 matrx [ ]
NOTE:
* Head travel load defiechon Tow 209

Specimens remain undi aquiibram moistre content i3 aciveved
b Contral weeght specimen will be used n tee! chamber 10 identty

dryout cunng stabization af elev ated ter perature
As required
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Table 5. Test Pian for Elfect of Time on Wet Specimens

SPECIMEN RESIOUAL TEST
EXPOSURE |  CONFIGURATION AND TEMPERATURE PROPERTES |2 2
DURATION ,_55;';* ORIENTATION AND REPLICATION S g
BEAM FLEXURE room | ®°¢ ur > Y
omo | ey SEAR (180°F)
. iy s S ©
- Pzasa0sly | s s : o
Repoat 5208 matrix [ ]
Repeat 5208 mairix ]
Towl

The humidity chambers consisted of two Pyrex desiccators with glycerin-water solutions
formulated to achieve 59% RH and 74% RH at room temperature. These solutions conver to
nominal 60% and 75% values when elevated to the 49°C (120°F) exposure temperature. The
Panametrics instrument is highly accurate at low relative humidities but is less reliable at the high
humidities involved with these desiccators. Results from the Honeywell instrument were used to
verify the glycerin-water solutions. The desired humidities could be achieved with an accuracy of
12%. A final check was made in the 49°C (120°F) environment using a Rustrak strip chart
recorger. Figure 26 shows one of the desiccators undergoing checkout with the strip chan
recorder.

- e .4

Figure 26. Rustrax Checkout of Humidity Enviranment
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74 EFFECT OF WEATHEROMETER EXPOSURE

The weatherometer is an environmental exposure chamber consisting of coatinuous UV radiation
and an intermittent water spray. Figure 27 shows the inside of the exposure chamber with the
specimens held vertically around the perimeter. It is an effective simulation of the degrading
ege‘:ts of sunlight coupled with the erosive effects of surface water such as rain. In addition, there
is the effect of the water washing away the UV degraded byproducts of the surface resin, thereby
providing a fresh resin surface and continuing the degrading-eroding process. Only flexure
specimens and paint evaluation specimens were involved. Table 6 gives a breakdown of
specimens and test specifications.

Half of the flexure specimens were unpainted, and the other half were painted with the standard
finish used on this contract and described in section 5.3. The peint evaluation specimens were
6.35- by 11.43-cm (2.5- by 4.5-in) coupons made of 0.51-mm (0.020-in) titanium that also was
painted with the standard finish. The painted specimeas were intended to determine the protective
effectiveness of paint. Stainless steel fixtures, shown in figure 28, were designed to hold 20
flexure specimens and one paint evaluation specimen each. fixtures provided for two-sided
moisture access, but only one surface was exposed t0 UV radiation. Each 2-hr exposure cycle
consisted of continuous carbon-arc lamp irradiation with an 18-min water spray.

Specimens of T30(YS208 were divided between testing at room temperature and at 82°C (180°F).
Specimens of T300/5209, and T300/934 were all tested at 82°C (180°F) only. Weight change.
residual strength, and glass transition temperature data were collected.

-

Figure 27. Interior of (leatheromeer Exposure Champer
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Table 6. Test Plan to Evaluate Effect of Weatherometer Cycles

%2}
EXPOSURE Testseeomen | resountest | B |22
OURATION. mo ANO PLY TEMPERATURE 5%
g E ORIENTATION AND REPUCATION g s%’
$ 2|3
¢ |2 | REXURE ROOM 82°C (180°F) ur
08 | ~ | =] —- |- |- |prusson s s - | ®
9 1 = =T | = | — |maasson s -1 %
934 Rapeat 5209 mainx k1]
Toml 13
t' ‘t“r\

Tl
4]

b, T Kt O

Fgure 28.

Weatherometer Specirmen Holders
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7.8 EFFECT OF SIMULATED GROUND-AIR-GROUND CYCLES

The Webber chamber is an environmental exposure device for simulating the conditions of a
standard commercial aircraft ground-air-ground (GAG) flight cycle operating from a hot, moist,
wopical climate. Figure 29 shows the Webber chamber with specimens in the exposure
comq;nmem. Specifically, cycles are 1 hr long and consist of forur phases, as presented in figure
30. The first phase is 10 min long with constant conditions of 49°C (120°F), condensing relative
humdity, standard atmospheric pressure simulating a hot runway condition. The second
phase is a 25-min steady transition from the first phase 1o the third phase and simulates aircraft
takeoff and climbd to cruise altitude. The third phase is a 10-min simulation of aircraft at cruise
altutude with conditions of -54°C (-65°F)0% relative humidity, and 12 000m (40 000-ft) altitude
pressure. The fourth phase is a 15-min transition from phase 3 back to the conditions of phase 1,
completing the cycle.

—~—~—
hamal PO, )

Figure 29. Wetber Chamber for Ground-Air-Ground Exposure
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Test specimens involved included short-beam shear and flexure. Painted titanium coupons were
included t0 assess the ability of the paint film to withstand freeze-thaw cycles. Microcrack analysis
was performed on selected specimens after exposure durations of 1, 2, and 3 months. Residual-
strength measurements were made ufter an exposure duration of 6 months. Weight change
weasurements were performed on selected specimens at finer exposure intervals. Table 7 gives a
complete description of the specimens involved. as well as the exposures.

Tabie 7. Test Plan for the Efect of Simulated Ground-Air-Ground Cycles
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8.0 BASELINE TEST RESULTS
8.1 SHORT-BEAM SHEAR

Baseline short-beam shear testing was completed on T300/5208, T300/5209, and T300/934 at
three differeat test temperatures. Five replicate specimens were tested at room temperature, 49°C
{120°F), and 82°C (180°F) for each material system. Testing was performed in a Tinius-Olson
12-kip mechanical testing machine. Load-deflection curves were recorded for the majority of the
specimens using a D-2 Deflectometer. An American Instrument Coropany oven was used for all
elevared temperature tesung.

Summary short-beam shear strengths, as a function of test temperature, are shown in figure 31.
Each point shows the av value for the group of five specimens. As expected, the Narmco
T300/5208 and the Fiberite 34 systems show similar behavior while the Narmco T300/5209
{121°C (250°F)) cure system shows somewhat lower strengths at all iemperaturcs.
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Test temperature, °C (°F)
Figure 31. Baselne Short-Beam Shear Strength Resufts




8.2 FLEXURE
Baseline flexure testing was performed in the same equipment used for short-beam shear testing.

Summary flexure strength data, as a function of test temperature, are shown in figure 32. In this
case, strengths are reported as extreme fiber stresses. These are obtained using a laminated-plate

bending theory.
For the layup considered, l02r3451902]. the bending stiffness, Dy, is:

R O =~ S CRCH,
s i (6}

3
+ Ex90 t-Vngo‘ Vyxeo (’é’) ]

where t is specimen thickness, E, are extensional moduli for the 0-. £45-, and 90-deg directions.
and Vyy are Poisson's ratios for the 0-, 245-, and 90-deg directions.
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Frgure 32. Baseline Fiaxyre Streag: Resu''s
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The maximum fiber stresses, @, . are computed assuming three-point bending with the formula
PRE
X0

" T eV )

where P is the ultimate Joad, | is the span, and w is the specimen width.

These computations did not consider nounlinear, temperature-dependent properties at this time.
Edge effects and stress concentrations in the vicinity of the load points were also neglected. The
values for the moduli and Poisson's ratios are given ir: table 8.

8.3 TENSION

Baseline tension testing was performed in an Instron inodel TTD-2109 test machine. A summary
of the strength results as a function of temperature is given in figure 33. The results represent three
specimen test values at room temperature and at 82°C (180°F) and five specimen test values at 49°C
(120°F). One unexpected aspect of the results revealed in figure 33 is that T300/5209 had
substantially higher strength across the temperature range than has either T300/5208 or T300/934.
1f the TI00/5209, elevated temperature baseline strengths are artificially high relative to the other

materials, which could explain the apparently low residual strengths reported for tension specimens
in section 9.5.

Tabie 8. Fundamental Propertes Used for Flexure Fiber-Strength Compuiations

Es D | vav . P

MATERIAL LAYLP Mo (o) MVQV
o 131210 3190x107) 1005
5208 =8 112210 41632106 3 08¢
) 1172104100210 6 1.008
° 1412105208210 1) 1 008
$200 gs 1122104163210 6) 3.000
1852104(225:106) 1.008
) 1202102(187x107) 1,008
¢ 48 1282104081210 § 3.090
0 1682104 1244x106) 1 008

Now:

D Vaiues odtaned from detie Iomenr room temperature daa
& Averages from dosxn guice

D Average of manna's $208 and 534
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t 45-deg tension strength, MPa (ksi)
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84 COMPRESSION

Most of the baseline compression testing was performed in a Celancse compression fixture,
although several room temperature tests were performed in an IITRI compression fixture during
the comparison testing described in reference 15. Loading was performed in a Tinius-Olson 12-
Xip mechanic.u! iest:. g machi... Load and cross-head deflection curves were plotted for all tests.

A summary of the 0-deg compression strengths for all three materials is shown in figure 34. The
only notable of these results are the somewhat low-strength values measured for
T300/5208 and 5209 tested at 82°C (180°F). Average values for all baseline strength and
glass transition temperature measurements appear in tables 9, 10, and 11.
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Figure 34. Baseline 0-deg Compression Strength Results
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Tabie S. T300'5208 Baseiing and Effect of Temperature Rasults

STRENGTH, MFa (ksi)
CIMEN
SPECAE ROOM TEMPERATURE 49°C(1X'F) 82'C (100'F)
0-dag short beam sheat 1082 (1570) 0SS (4 850 (12%9)
Floxure 1690 (43.83) 18490 (23917) 15590 (226 16)
+48-deg tengion 1584 (2290) 1477 (@ 49) 142 (1948)
0-deg compression 17080 (M7.44) 15818 (228 49) 11997 (17640)
0-deg wnsion 1400 (210.02) 14009 (204 &8) Tab wivre
Quasi-sotrapic tansion BSE  (asey NE  (470) 404 (49Y9)
90-deg compragsion 1974 (263 049 (29.73) 1984 (2704)
cormgression 10409 (15214) 9198 (1X37) 0676 (12584)
To.C 0F) a4 @
Tabie 10. T3005209 Basekne and Effect of Temperature Resulss
STRENGTH MPa (ks:}
SPECMEN ROOM TEMPERATURE &Q'C(120'F 82'C(180°F)
short beem sheat M (N2 809 (1t) (~11 02
Flewure 16980.0 (246.49) 1606 0 (23297 14430 {200 XC)
wension 1732 (25.10) 107  (@2621) 1781 (583)
compression 18570 (24035 15818 (22507 12069 {174.94;
wnsion 1780 (49 N) 15622 [226T0) Tad tulure
sl isotropic wnsion BaT  (S148) 303 @9 3443  (4983)
COMPIossion 2096 (040 1796 (2605 1585 (230
- SOL-OpIc
COMPraSSIon S35 (83.19) 5388 (7816 a”™s (#89N
Tg.°C(F) 2 (262)
Table 11. T300'934 Baseine and Effect of Temperaturs Results
STRENGTH. MPs (As1)
SPECRE ROOM TEMPERATURE 49C {120F) 82°C (180'F)
short beam shear W0e1  (15W W1 (1438 82 (1251
Fexre . 1700 (236.78) 1700 {250 94) 18260 (23588
tension w02 @3y 1523 2209) 1589 (2306
camprecsion 17380 (252.08) 1624 4 (235 89) 1354 C (229 42)
Bngion 1532 (210N 1857€¢ (226.03) Ted thre
WOtropic lenmon Ws S5 anly S3e) M9 @7y
COMMEresson 1908 @788) 1331 (2801 NS (@5
4sotropc
COMEIessOn 9002 (13C.%¢) 864 (12422 8164 11841)
Te. °C(F) 205 (&1
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9.0 LONG-TERM TEST RESULTS
9.1 EXPOSURE HISTORY

Throughout this report, specimens are described by their nominal planned exposure duration.
Tables 12 and 13 show the actual flight and ground exposure histories for long-erm specimens.
The dates are as reported by the personnel at the exposure sites. Aircraft hours and landings are as

reported by personnel at the exposure sites or are close estimates based on Boeing fleet use
statistics.

Because of budget constraints, specimens that had been scheduled for residual strength testng
following 7 years of e?osurc were not removed at that time. They were removed in October 1990

and will be sent 10 NASA for disposition.
Tadle 12. Actual Aircralt Exposure Hisicry
Nomna exposLre e (years)
Exposure ste
1 2 3 5 W
1.08Y 2C4 Y 1"09Y
Aoha 1,042 H 3822 H ‘;f‘;f:::" :‘: - 21476 H
5,760 L 11.500 L i 54.894 |
Ar New Zealard 141Y 21y Not LYok B *107Y
2781 H 449 H Jep-oyed 10287 H 46.988 M
37761 8125 L 13946 L 6" 627 L
Southwest Airlines 134Y 24Y 309Y 6§34Y 982Y
4,769 H 833 H 1.790 H 20 688 K Ve H
6.320L 10652 L 14,185 L 2238531 38302 L
Notes:
Y« Yoars
H e Fight hours
L = Landings
Table 13. Actual Ground Rack Exposure Hisicry
Nomina! expos.re time (years)
Exposure ste
1 e 3 S 0
Honohulu 1.09 203 300 5¢¢C 10 96
Welkngton 1.39 215 319 496 13T
Daltas 1.16 224 313 496 10.00
NASA Dryden 1.19 1.96 397 499 ' a6




Several disruptions in the planned exposure took place over the 10-year exposure history. Most of
these changes were insigmficant. For example, early in 1984 the roof rack at NASA Dryden was
stored in a nearby warehouse for just over 3 months. The only specimens remaining on the rack at
that time were the 7- and 10-year sets. Because the proximity of the temporary storage site meant
that the only elements missing from the exposure history for that time were direct sun and rain. test
results should not have been affected. At one time or another, all of the ground racks were
temporarily reroved for roof repairs. In addition, aircraft sale and lease activity prompted several
transfers of specimens from one airplane 10 another.

With few exceptions, all ground-rack specimens as well as all aircraft specimens from Air New
Zealand and Southwest Airlines were retrieved following long-term exposure. Because some
specimens originally deployed on Aloha aircraft were not recovered, middle exposure time data are
unavailable for the Aloha aircraft. However, this absence is not significant. Early trends are
available from the 1- and 2-year retrievals, and the 10-year data are available to show long-term
effects. In addition, Honolulu ground-rack data are available for the times where flight data are
missing. Section 9.7 shows that the ground-rack data parallel the flight data for both Air New
Zealand and Southwest Airlines.

9.2 TREATMENT OF VARIABLES

The long-term portion of this contract involved numerous variables. In order to clarify the results
for reporting purposes, individual variables are treated in a particular sequence. Also. results from
I-, 2-, and 3-year exposures arc mentioned in terms of early trends but are not discussed in dezail.
The primary emphasis is on the long-term, 5- and 10-year data.

Most specimen sets contained only three replicates. This meant that data scatter for a single set of
specimens could and sometimes did overshadow the particular environmental effect being studied.
Figure 35 shows the residual flexure strength of 5.208 specimens that were exposed on the solar
face of the Honolulu ground rack and then tested at room temperature. Each data point represents
the average of three specimens. No clear trend is evident. Figure 36 shows the same data along
with 11 other exposure sites. These include the nonsolar face of the Honolulu rack, both faces of
ground racks at NASA Dryden and Dallas, and both exterior and interior specimens from Aloha
and Southwest airlines. A total of 180 specimens are involved. The plot shows a modest but
steady increase in strength over the exposure period. The figures shown in this repon often
combine results from individual specimen sets in order to display trends more clearly.

This report often presents typical results rather than supplying a graph for cvery possible
combination of data. For example, room-temperature residual-flexure strengths for the T300/5209
and the T300/934 material systems showed the same results over time as thosc displayed in figure
36 for T300/5208. The responses of all three materials are considered typical.

The report also points out atypical results. The flexural strengths for both the T300/5208 and the
T300/934 material systems did not change significantly when tested at 82°C (180°F). The elevated
test temperature did not change the overall behavior pattern exhibited by the room-temperature
tests. The T300/5209 system did behave differently. The elevated-temperature residual strengths
for that material system following the same exposure. rather than showing a modest strength
increase, showed a modest suength decrease. The reason for this is not known, but the 82°C
(180°F) test temperature is a severe test for the 121°C (250°F) material system.

Individual data anomalies sre noted. If known, the reason for the anomalous behavior is noted as

well. One example of this would be long-tenm specimens that suffered paint loss and subsequent
UV radiation degradation.
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Mechanical property test results are reported as "Residual strength, percent of baseline.” This
means that results for specimens tested at clevated temperatures following exposure are compared
with the baseline strength at that temperature. Changes in other properties such as stiffness are
reported only when doing so would amplify the results.

9.3 MOISTURE CONTENT OBSERVATIONS

Measured or derived specimen moisture contents for the flight and ground exposure specimens are
shown in table 14. most cases, these moisture contents were obtained from the dryout
procedure discussed in section 5.5. In some cases, no data were otwained. In a few cases, a
moisture content was derived from individual specimen weights taken before and after exposure
and then corrected for an estimated moisture content at the time of the ininal weighing.

The data show the strong influence of exposure location (i.e., relative humidity). Based on normal
historical weather patterns as shown in figure 8, NASA Dryden Flight Research Center located at
Edwards Air Force Base was expected to be the dnest location, and the data confirm this.
Specimens exposed at this location achieved moderate equilibrium moisture levels ranging from
0.5% to0 0.7% (depending on material) during the first year of exposure. The nominal 1-year
specimens were removed in February. one of the wettest months of the year. The nominal 2- and
3-year specimens were removed in October, following the hot, dry, summer season. The lower
moisture contents in these specimens reflect this. The 5-vear specimens were removed in
December and reflect the higher humidity again. Weather at the time of or immediately before
specimen withdrawal significantly affected specimen moisture content.

The historical data show that Dallas maintains a reasonably constant relative humidity of
approximately 65% The average monthly temperature varies substantially, but the relative
humidity changes very little. ‘The Dallas specimens plateau at somewhat higher moisture contents
than their n counterparts. This is particularly true for the two 177°C (350°F) cure materia!
systems. Moisture content levels for these two systems were fairly consistent in the 0.9% 10 1.0%
range for most of the 10-year exposure duration. The T300/5209 system absorbed less moisture
and averaged about (0.62% for the 10 years.

The moisture content of specimens deployed on Southwest Airlines aircraft reached a plateau at
slightly lower levels, but these specimens otherwise behaved very much like their ground-based
counterparts in Dallas. This is predictable, considering the amount of ime a commercial airplane
spends on the ground. Flight records show that airplanes carrving 10-vear specimers for
Southwest Airlines were on the ground 62% of that time. This is a normal rate of use for a 737

Although Hawaii is generally thought to have a tropical or subtropical climate, the average relative
humidity in Honolulu is just skightly higher than that of Dallas. In fact, some months 1n Honolulu
are drier than some months in Dallas. Table 14 shows that the two 177°C {(350°F) cure material
systems do plateau at slightly higher moisture contents than the specimens exposed in Dallas.
Moisture levels in the T300/5209 material rose from the previously stated 0.62% in Dailas to
approximately 0.72% in Honolulu.

Unlike specimens carried by Southwest Airlines and :heir ground-based counzerpants in Dallas,
specimens exposed on Aloha aircraft generally showed moisture contents equal to--or, in some

cases, higher than--those coming from the Honolulu ground ruck. Differences were small.
however.



Table 14. Specimen Moisture Contents
Material: 73003208
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Wellington, New Zealand, offered the wettest average climate of the four ground rack sites. The
monthly average relative humidity ranges from 70% to 80%. The dats show that the two 177°C
(3S0°F) cure material systems did absorb slightly more moisture in Wellington than they did in
Honolulu. Moisture levels for the 5209 system were actually slightly lower than those observed in
Hawaii.

Moisture coatents in the irnens coming from Air New Zealand aurcraft were slightly lower than
those observed on the Wellington ground-rack specimens.

9.4 EFFECT OF TEST SPECIMEN CONFIGURATION
9.4.1 SHORT-BEAM SHEAR STRENGTH

Figure 37 shows the behavior of all three materials at all exposure sites when they were tested for
residual short-beam shear strength at room temperature. The graph represents more than 750
specimens. These strengths were observed to drop for the first 2 years and then begin retuming 1o
100% of baseline. After 5 years, the typical residual strength was just below 100% of baseline
and. after 10 years of exposure, the typical residual was actually slightly higher than 100%.
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The one obviously low point represents specimens taken from the solar face of the Honolulu
und rack. The reason is unknown, but some type of test procedure error is suspected.
pecimens removed from the nonsolar face contained about the same amount of moisture and
tested at 85.7% of baseline, or about average for the group. A review of the data broken out by
material did not show any effect of material system.

The strength of more than 30 specimens involved in the 10- vear withdrawals all ranged from 90<
to 115% of baseline. These percentages are within the range of normal baseline scatter.

9.4.2 FLEXURE STRENGTH

Figures 35 and 36 showed room-temperature residual-flexure strength for the T300/5208 material
system gathered from one and from several exposure sites. These results were considered either
typical or atvpical, as noted in the text Strength increased modestly over the entire exposure
duration. Data for the other two material systems show similar results.

9.4.3 TENSION

Figure 38 shows room temperature residuals for 45-deg tension specimens. All three materials are
included for exposures to the solar side of the ground racks at Dallas, Honolulu, and NASA
Dryden as well as aircraft specimens from Southwest and Aloha airlines. Like the tlexure
specimens tested at room temperature, these specimens were observed to gain stwength after | year
of exposure and largely retain that strength increase for the remainder of the exposure duration.
The figure represents more than 200 individual test specimens.

Some individual specimens showed strength losses afier S and 10 years, but the epoxy matrix of
these specimens had been exposed to direct UV radiation because of substandal pa:int loss. The
low values may be artributable to UV degradation.
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9.4.4 COMPRESSION

Figure 39 shows room-temperature residual-compression strengths for the T300/5209 matenial
exposed to the interiors of Aloha and Southwest aircraft, as well as the ground environments at
Honolulu, Dallas, and NASA Dryden. Given the amount of data scatter inherent in the
compression tests, it could be said that the specimens showed no change in strength for the first
S years but then d significantly between S and 10 years. The T300/934 material showed
very simnilar behavior but with less data scaner  The T300/5208 material differed slightly in that it
exhibited stre losses after 1 year and, with the exception of the Southwest ai , showed
some strength loss for the entire 10 years. After 10 years, the observed losses were almost
identical to those exhibited by the T300/5209 material.

These data should be treated with some caution. Throughout the program, there were recurring
incidents of grip-tab failure with these specimens. Obvious tab failures are not included in the data
shown in figure 39. However, it is possible that some graphite failures were precipitated by
slipping grip tabs.

9.5 EFFECT OF TEST TEMPERATURE

The results discussed in section 9.4 were all based on rooin-temperature residual-strength testing.
All datasets contained residual-strength tests at 82°C (180°F) as well. Elevated-temperature tests
were initially assumed to be more discriminating for some ervironmental effects. This proved 1o
be 50 in some but certainly not all cases.
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3.5.1 SHORT-BEAM SHEAR

Short-beam shear tests did show a slight effect of test temperarture. In general, specimens tested at
clevated temperature retained slightly less of their baseline temperature than did those tested at
room temperature. The overall shape of the curve covering a given exposure and material for the
10-vear ameframe did not change, however. Figure 40 shows a typical comparison for the
T300/5208 material incorporating the data from 12 exposure sites.

9.5.2 FLEXURE

Elevated temperature testing did appear to influence residual flexure strength although each of the
three material systems displayed a different pattern of behavior. The T300/5208 material system
secraed least affected by the elevated-temperature testing. Specimens exposed on Aloha aircraft
and the Honolulu ground rack showed greater strength loss early but came out about equal to their
room-temperature counterparts after 10 years. Specimens exposed on Southwest aircraft and the
Dallas nd rack showed no effect and specimens exposed at NASA Dryden actually tested
slighdy higher at the elevated temperature.

Flexure results for the T300/5209 maienial system were completely different. Specimens at all five
of the sites mentioned above displayed carlicr strength loss (after 1 year), and strengths remained
lower for the entire exposure duration. The differences were most pronounced in Hawaii and
relatively small at NASA Dryden.
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The T300/934 material system had some characteristics of both of the other materials. Like
T300/5209, this system showed lower elevated temperature residual strengths after 1 and 2 years
of flight and ground exposure in Hawaii and Texas. In addition, the elevaicd temperature residuals
remained lower for the eatire 10 years. Differences were slight, however.

The T300/934 system behaved like T300/5208 at the NASA Dryden site. Elevated-temperature
residuals were actually higher than their room-temperature counterparts following 1, 2, 3, and §

irle_ul"s of exposure but fell below room temperature values after 10 years. Again, differcnces were
ight.

9.5.3 TENSION

Elevated-temperature residual-strength testing of the 45-deg tension specimens produced trends

somewhat parallel to those found by testing flexure specimens. The results varied, primarily by
material.

Figure 41 shows specific data for the T300/5209 material exposed on ground racks at NASA
Dryden, Dallas. and Honolulu.
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9.5.4 COMPRESSION

Because of repeated grip-tab failures, relatvely litde data were obtained from elevated-temperature
compression testing. Data published in appendix A and appendix B should be meated with caution.

9.6 EFFECT OF SUSTAINED STRESS DURING EXPOSURE

Industry testing had shown that some mlymcric matenals (i.c., structural adhesives) showed
accelerated environmental degradation when exposed to adverse environments and stress. In order
to study this phenomenon, some tension specimens were exposed to a sustained load equal 10 20%
of their baseline failure load. Stressed-tension specimens were deployed in Section 48 of the
aircraft for each of the participating airlines and on the nonsolar side of each of the four ground
racks. All residual-strength testing of stressed-tension specimens was conducted at the elevated
temperature.

Figures 42 and 43 show the results of unstressed- and stressed-iension specimens respectively for
the T300/5209 material system. These results are typical. The presence of the sustained load
neither altered nor accelerated environmental effects for any of the materiais or any of the exposure
locations. Results of stressed versus unstressed specimer:s were well within normal data scatter.
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9.7 EFFECT OF FLIGHT VERSUS GROUND EXPOSURE

The relative degrading effects of ground exposure versus actual flight exposure were investigated
using elevated-temperature short-bearn shear specimens exposed on the nonsolar side of the
ground racks and in the aircraft interior. These specimen sets were selected to eliminate any
possibil(i)? of introducing extraneous effects because of UV degradation and also to minimize the
chance of error because of specimen contamination. The elevated-temperature short-be.wn shear
data were sclected because they offered the best opportunity to examine what was expected to be a
relatively minor effect if it existed at ais.

Comparisons were made for Aloha-Honolulu and Southwest-Dallas. There were no discernable
effects because of flight versus ground specimens. Gererally, the data were almost idertical.
Differences, when they did exist, did not consistently identify either flight or ground exposure as
being more severe.



9.8 EFFECT OF SOLAR VERSUS NONSOLAR EXPOSURE

An analysis of the relative degrading effects of solar versus nonsolar exposure showed that there
was no effect as long as the specimens were protected by paint. Two sets of data were reviewed
regarding this effect. Again, the comparisons involved elevated-temperature short-beam shear
tests. The first comparison involved specimens on the solar and nonsolar faces of individual

racks. The second comparison for solar radiation effects involved specimens taken from
the top and bottom of the flap-track fairing tailoones.

Like the flight-ground comparison, the solar versus nonsolar ground-rack comparison revealed
very small differences and did not consistently favor one face over the other.

The solar versus noasolar flight comparison yielded similar results; however, comparisons were
more difficult because of the conditions of the specimens. Long-term solar tailcone specimens
often suffered some loss of paint. This loss is probably due more to the air currents around the
specimens and their holding fixtures than w0 any of the planned program variables.

Figure 44 shows the results of one comparison. The data are for the T300/5208 material exposed
on Southwest Airlines. Data for the corresponding aircraft interior specimens are also shown or
the figure. These results are typical.

9.9 EFFECT OF INTERIOR VERSUS EXTERIOR AIRCRAFT EXPOSURE
Compurisons were made between elevated-temperature short-beam shear specimens exposed on

the interiocr and the nonsolar wilcone surface of Southwest Airlines aircraft. The results shown in
figure 44 for the T300/5208 material are tvpical of the other materials and the other airlines.
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9.10 EFFECT OF EXPOSURE LOCATION (GEOGRAPHY)

Geography affected residual strength results because it affected moisture content in the specimens.
Moisture content is discussed in section 9.3. Beyond moisture content, there were no obvious
effects because of geography. The annual thermal swings experienced at NASA Dryden and
Dallas had no effect, nor did the intense solar radiation experienced at Dryden.

9.11 EFFECT OF SPECIMEN DRYOUT BEFORE TEST

Drying specimens before test did have a significant effect on residual strength. Figure 45 shows
undriea and dried elevated-temperature short-beam shear strengths for the T300/5208 material
exposed on Aloha and Southwest Airlines as well as the Honolulu, Dallas, and NASA Drvden
ground racks. The dried imens are consistently higher than the undried specimens and do not
vary significantly from 1 of baseline for the entire 10 years.

9.12 EFFECT OF MATERIAL
Similarities and behavioral differences between material systems are noted throughout this report.
zn;fg‘mnaal. the two 177°C (350°F) curing systems (T300/5208 and T300/934) behaved somewhat
A ly than the one 121°C (250°F) system (T300/5209).
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In the drier locations, the T300/5209 system generally absorbed less moisture and performed as
well as the other two systems. This was particularly true for room temperature residuals.
Elevated-temperature residuals for T300/5209 were generally somewhat below the other two
systems but stll at a reasonable level. This pattern changes when the specimens are taken from the
wetter exposure sites.

Moisture contents for the T300/5209 specimens retrieved from the wetter locations were usually,
but not always, below those found on the other two systems. Ne-ertheless, a significan:
difference shows on clevated-temperature residual strengths. The T30U/S209 system showed a
definite susceptibility to moisture content when tested at elevated temperature. Table 1S shows a
comparison of elevated-teinperature short-beam shear strength results along with observed
moisture contents for eight relatively wet exposures in Honolulu and on Aloha aircraft. On
average, both of the 177°C (350°F) curing systems absorb more moisture vet retain a higher
percentage of their bascline strength than does the T300W5209. When compared with the
T300/5208 material, T300/5209 loses aimost 17% more strength.

The reason that the T300/5209 material absorbed less moisture than the other two material systems

is unknown, particularly since it absorbed slightl** more moisture than the other systems during

controlled Jaboratory exposures. The strength sensitivity, particularly at elevated temperatures,

was expected. The lower-temperature cure produces less crosslinking in the 5209 matrix. In

ﬁnon t}: 82°C (180°F) test temperature is probably near the wet glass transition temperature for
material.

In general, the T300/5208 material system was the most moisture-resistant, the T300/934 system 1s
slightly less resistant, and the T300/5209 system significantly less resistan:. (Section 10.3 shows
that the T300/5209 system is actually more resistant to UV degradation than the o:ter two
materials.)

Table 15. Influence of Matenal on the Moisture Cortert and
Residual Strength of Selected Specimens’

Exposure
Sile Duraticn 5208 5209 934
| 7o s MC L3N M RS

Aloha Arfines - Solar 1.08 759 77 59.4 AR 4.4
2yrs

Aloha Aitlines - Solar 1.23 94.1 2.3 748 38 869
10yrs

Aloha Airines - Nonsolar 1.16 92.3 .77 752 94 84 8
10yrs

Honokuty - Solar 1.18 81.7 98 65.6 *.28 TC
2yrs

Honoluty - Nonsolar 1.20 809 93 64 3 * 34 €3~
2y

Honoksiu - Sotar 1.06 788 7S 8.0 83 732
3yrs

Honolulu - Solar 212 96.6 .60 78.8 €6 832
10 yrs

Honolulu - Nonsoiar 196 93.7 80 768 + 36 85
10 yrs

AVERAGE 1.37 86 8 1 04 702 1 06 e

- ture Cortent ' Res.Qua: Strengtns are for Stont-Beam Srear
RS = Residual Sirangth, percentage «f baseine Specmens tested at 82°C (182°F)
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10.0 LABORATORY TEST RESULTS
10.1 EFFECT OF TIME ALONE

Test specimens representing the effects of “time alone” were tested after 1, 2, and 3 years of
exposure to room temperatwe and approximately 25% RH. Both short-beam shear and flexure
specimens were involved. Summary results for 1. 2, and 3 years of exposure are shown in tables
C-1. C-2, and C-3, respectively.

These tests were influenced unintentionally by specimen moisture content. All specimen groups
:0st weight during the first 2 years of exposure. This loss was because of the moisture that had
been absorbed between the time thi: the specimens were cured and the amne they were weighed ard
placed in their desiccated storage containers.

Specimens were observed to regain some of the weight loss during the third year of exposure:
how:vcr. this was attributed to the desiccant aging, thereby raising the relative humidity in the jars
slightly.

The influence of time (and some muisture absorption) on the residual room-temperature shon-beam
shear strengths of all three materials is shown in figure 46. Comparable results for elevated-
temperature residuals are shown in figurc 47. Flexure data are shown in figures 48 and 49.

140 14C
130 -
120 b 120 b+

2
=
E 110 -
3 10 R G —
§ 90 L
g 8..0 - 80
§ ‘c o =
- 60 F 60
E- LI S
£ 40 Legena: 40 F Llegena
® 0} 5208 . ©5208
€ 20 | as209 20 | A5209
é 10 r 094 - 0934

0 | L 0 i i

0.0 1.0 20 3.0 0.0 1.0 20 3
Nominal expasure time, yr Nominal exposure ime (yea-s)
Figure 46. Room Temperature Shot-Bear" St. .- Figure 47. Elevated Temperature Shor-8:am Shear
Strength Foliowing Time Alone Exposure Strength Folicwing Time Aione Expesure

69

)




14C 140
- .
.g 120 b 120
£
§ 80 80 P
- 60 P -
r=
| i
g 0T Legena " Legend:
‘g - @ 5208 - @508
8 20 L A 5209 20 L A 5209
c - 08934 - 0934
0 4 3 o " 2
0.0 1.0 29 30 00 10 29 32
Nominal exposure time (years) Nominal exposure time (years:
Figure 48. Room Temperature Flexure Strangth Figure 43. Elevated Temperature Figxure Strenrgin
Folomng Time A'one Exposure Fokowirg Time Alone Exposure

The levels of short-beamn shear strength at both room and elevated temperatures remained steady
for the entire 3 years. Flexure strengths remained close 10 their baseline values for the first 2 vears
and then declined at the end of the third vear. Strength declines were approximately the same on a
percentage basis for both room- and elevated-temperature tests. The observed losses are believed
to reflect the data scatter inherent in testing small groups of specimens rather than any
environmental effect. Based on a comparison of head-travel load-deflection curves, no change in
stiffness was observed with any of these specimens. Neitaer the failure mode nor the appearance
of the specimens following testing changed from those tested in previous vears.

Glass transition temperature (Tg) measurements were made orly after | year of trie-alone
exposure. Changes from baseline values were within 2% at this time, so no additional tests were
conducted for the other exposure durations.



10.2 EFFECTS OF MOISTURE AND TIME ON WET SPECIMENS

Moisture-gain data were tracked for at least 130 days of exposure using individual specimen
weighings. Figure S0 shows the normalized weight-change dats for specimens exposed t¢ 05
RH and 49°C (120°F). The data represent three individual flexure specimens from each of the three
material systems. Generally, the data follow predictable moisture diffusion trends. The
T300/5209 specimens behaved differently from both of the 177°C (350°F) curing systems.
[ninally, the T300/5209 specimens absorbed moisture at a lower rate. After 121 days of exposure.
however, they had absorbed more moisture than the other two systems and were still gaining. The
T300/5208 and T300/934 specimens were still picking up moisture but at a much lower rate.

Normalized weight changes for specimens exposed to 75% relauve humidity are shown in figure
51. Although there are no individual specimen anomalies, the entire set of data showed a dramatic
desorption during the middle of the exposure period. An investiganon indicated that either the lid
on the 75% RH desiccator was not resealed properly following the weighing on the 55th day of
exposure, of it was bumgg! during other activities around the desiccator. The air-circulating oven
used 10 maintain the 49°C (120°F) exposure temperzture then rapidly altered the makeup of the
glycerin-water solution. As the water evaporated. the resuliant solution became more biased
towards the glycerin, thus producing a lower RH condition even after the lid was comectly seaied.
Therefore. the old solution was discarded and replaced  As a precaution, the solutions for the
other exposures also were replaced to maintain the assigned moisture levels.
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Weight change measurements for 60 RH and 0% RH are shown in figures 52 and 33,
respectively. Both of these scts of specimens reached equilibrium moisture content, and neither
showed any signiticant anomalies. The 40% RH measurements show a slight decline after peaking
at about 55 days of exposure. This may be becausce of a lesser degree of the same problem
experienced with the 75% specimens.

Table 16 shows the observed moisture content in the specimens at the time of mechanical wsing.
Figure 54 portrays the same data. All three material svstems are shown and. with one exception.
the data are relatively consistent at humiditdes below 75%. The figure also illustrated a 0%
moisture content for specimens at approximately 25% RH. indicating that this was representative
of the original (dry-drum storage) environment. Finally, the moisture content at 95% (ie..
condensing humidity) are higher than a lirear extrapolation of the lower values would indicate.

The test plans called for one <et of specimens 1o be tested when an equilibrium weight gain wae
achieved. Two other scts were planned for testing following various times at equilibnum. Unlike
tests conducted on the time alone specimens, these tests showed significant strength changes.
Residual strength results, as a percentage of baseline suengths, are presented in table C-3.

Summary results of the specimens exposed to constant relative humidity levels of 60% and 95% at
49°C (120°F) for 2 years nominal (28 months actual) are givenan table C-5. Table 17 shows the
observed moisture content in these specimens at the nme of mechanical test. Figures 5§ through

62 show the strength retention data tor these specimens along with the dara for specimens exposed
150 days.
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Table 16. Observed Percentage of Moisture Content
Afer Hurmedity Conditioning b

TYPE OF RELATIVE HUMIDITY
SPECIMEN 40% 60% 75% 95%
Sotbeamshear | 024 | o o[>| 074 | 134
0.28 0.57 0.81 1.32
Flexure .21 058 .82 1.44
5208 AVG 0.24 057 079 1.37
Shotbeamshear | 030 | 050 0.78 P
033 | 063 0.92 P
Flexure Q.34 057 084 1.84
5209 AVG 0.32 057 0.85 1.84
Shont beam shear 0.25 0.56 0.85 159
033 0.65 0.95 171
Flexure Q.22 253 Q.80 1.45
| 934 AVG 0.27 0.58 087 1.58

Note:

D Apparently erroneous value was not used in average calculation
D Never weghed.
D 95% Relative humidity specimens exposed fcr 145 days

75% Relative humidity specimens exposed for 140 days.

60% Relative humidity specimens exposed for 130 days
40% Relative humdity specimens exposed for 140 days
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Table 17. Observed Percentage of Moisture Conten!
Following 26-month Exposure

Tz?e Relative Humidity

Specimen 60% 95%
Short beam shear 1.29 1.84
Flexure —__ 18
5208 AVG 1.10 175
Short beam shear 1.55 2.35
Flexure 106 -4
5209 AVG 1.31 2.20
Short beam shear 1.22 217
Flexure - L &8
934 AVG 107 191

All three material systems show a gencral decrease in short-beam shear srength with increasing
humidity exposure. As expected, the strength reductions are more pronounced at 82°C {180°F)
than they are at room temperature. Again, the two 177°C (350°F) curing systems behaved
similarly, while the 121°C (250°F) curing svstem reacted differently.

Flexure stengths also changed because of humidity exposure but. as expected, the strength
reductions were less severe with the more fiber-dominated specimen. At room temperature, some
strengths actually increased.

One notable charactenistic of these plots is that the pnmary strength loss occumred within the initial
150 days of exposure. Additional tme in a wet state did not cause significan: additional
deterioration. However, a comiparison of tables 16 and 17 reveals that the addational tune Jdid cause
some additional weight gain.

Figures 57 and 58 show additional data points for short-becam shear dryout specimen residual
strengths tested at the elevated temperature. Note that these strengths retum to approximately
100% of baseline, suggesting that the observed strength and commensurate stiftness losses
observed on wet specimens are the result of a simple. reversible, plasticizarion phenomenon and do
not involve 2 chemical change to the matrix matenal.

One could infer from tables 16 and 17 that any or all of the matenal systemns showr could develop
a severe moisture problem; however, a 95% exposure at 20°C (120°F) 1s considerably more severe
than real-world conditions. Although the test may be useful as an indicator, the absolute numbe:
achieved may not be realistic. A 75% humidity condition at 40°C (120°F) is considered 1o be the
upper end of real-world environment. Most airplane structures are better represented by the flexure
specimen than by the matrix-dominated short-beam shear specimen. Finally, note that Boeing
model 737 spoilers using the T300/5209 system have been performning well in actual service for
over 10 years (ref. 22). The T30(/5209 moisture weight-gain data show a definite behavior
change in the 95% exposure condition when compared with the other three humidity levels. For
some humudities. the T300/5209 absorbs the same or possibly even less mosture than the 177°C
(350°F) cunng systems.
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10.3 EFFECT OF WEATHEROMETER EXPOSURE

Flexure specimens were subjected to weatherometer exposure for times up 10 2 vears. All three
material systems were tested at 82°C (180°F) fouowinf nominal exposure durations of 6 months, 1
vear, and 2 years. In addition, the test matrix incl room-temperature residual-strength testing
for the T300/5208 matenial. In all cases, both painted and unpainted specimens were included.

During exposure, one gmur of specimens was tracked for weight changes through approximately
1 year or almost 7,000 cycles. Figure 63 shows the average results for unpainted specimens, and
figure 64 shows comparable data for the painted specimens. In the case of the unpainted
specimens, the two 177°C (350°F) cure materials, T300/5208 and T300/934, behaved similarly,
losing weight from the outset of exposure. The 121°C (250°F) cure T300/5209 system increased
slightly in weight before losing weight. Although the patterns for all three materials are similar, the
T300/5209 system loses less weight throughout the tracking period. The exact reason for this
difference is unknown; however, both of the 177°C (350°F) cure matenials use MY 720 as thewr
base resin. This material has been shown to be particularly susceptible to UV degradation. The
T300/5209 system does not use MY 720 as a base.
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The large weight losses ultimately displayed by the unpainted weatherometer specimens are caused

by surface-matrix erosion, as shown in figure 65. The magnified view of the surfaces exposed to

UV radiation shows the exposed graphite fibers on the right and the integrated peel-ply texture on

ftT: left. The integrated portion was protected from direct UV radiation by the specimen-holding
xture.

A comparison of figures 63 and 64 demonstrates the ability of the paint scheme to protect the
%nphitc-epoxy laminate from UV degradation and erosion. Large weight decreases did not occu

or the painted specimens until 2,000 weatherometer cycles had been completed. At this point, the
puint system itself began to break down. Evea after 2,000 cvcles, the weight-loss rate was slower
than that of the unpainted specimens. Although the paint began cracking and blistering, it stll
afforded some protection to the laminate.
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As expected, the pairted specimen weight-loss rates had no appreciable differences with respect 0
matenal type. The amount of weight lost by the painted specimens can be atributed to the chalkirg
and erosion of the paint. Differences that do exist probably reflect different levels of moisture
absorption in the three material systems.

Residual strength and Tg test results for these flexure specimens are summarized 1n tables C-6.
C-7. and C-8. Figures 66 and 67 depict these results for unpainted and painted specimens
respectively. The results largely parallel the weight-loss curves Relatively little loss of strength
was observed during the first year for any of the specimen sets. All sets showed strength losses
between 1 and 2 years. At the end of 2 years, the T300/5209 material system: shows no loss of
strength for the unpainted or the painted specimens. Both of the other materials that use the MY
720 resin as a base show that sarength declines regardless of paint.

The Tg results were not conclusive. All three systems showed a loss of Tg between 6 months and
1 year, but all three also showed increases between 1 and 2 years.
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104 EFFECT OF SIMULATED GROUND-AIR-GROUND CYCLES

Shart-beam shear, flexure, and painted tanium specimens were subjected o 3.200 GAG cycles in
a Webber environmental chamber. All three matenal systems showed definite weight gains as
illustrated in figures 68, 69. and 70 As with several other exposures. the T300:5208 svstem
absarbed the most moisture and the T300/5209 system absorbed the least.

All three material systems gained weight. reached a plateau. then resumed the weight-ga:n process.
This led to some concern that a freeze-thaw damage mechanism was graduaily cracking the

specimens. Several photomicrographs were taxen of these specimens to look for possible crachks,
but no macracracking or microcracking was visible
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Residual-srength tests were conducted after the 3,200 GAG cycles. Summarny results are shown
iv. table C-9. Testing at 82°C (180°F) generaliy produced a greater strength ioss than :esting a
room temperature, with one excepaon: the flexure smength of TN, S208. The measured mowsture
contents of these specimens ranged from 0.7% 10 1 0%. Most of the ohsenv=d srength losses can
be attributed to the presence of this amount of mmsture.

Paint film specimens showed little weight change and did not display any cracking because of the
GAG cycles. Although the specimens imvolved in this test plan were unpainted. the abiluty of the
paint film to protect the laminates after freeze-thaw cycles ' such as those expenienced by the long-
term flight specirens) was verified.
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119 CORRELATION OF LONG-TERM AND LABORATORY RESULTS

In general, it was possible to comrelate, at least qualitatively, the results obtained from the
laboratory tests with the results obtained from the long-term real world exposures. In some cases,
this meant that no effect was seen in either location. Specifically--

Coatrolled laboratory exposure to 60 relative humidity reasonably predicted real-woria
exposure specimen strengths for room- and elevated-temperature flexure residuals. This was
true for all three materials except T30(YS208. When T300/5208 was tested for flexure strength
at the elevated temperature, the controlled lab exposure predicted a small strength decline while
the long-term data showed a small strength increase. Six months of the controlied laboratory
exposure was usually sufficient to make the prediction.

Long-term short-beam shear imeas displayed a cunious residual-stength pattemn: they lost
strength for the first 3 years of exposure, then showed less degradation after S years, and were
normally at or near their baseline levels after 10 years. The same 60% relative humidity
laboratory exposure described above would have predicted the strength drops that were
exhibited by the long-term specimens early in their exposure history. It is not known whether
they would have predicted the recovery had the lab exposure duration gone beyond 2 years.

Neither natural nor laboratory-induced ultraviolet radiation produced degradation when
specimens were protected by paint.

Laboratory simulation of the freeze-thaw cycle experienced by aircraft dunng normnal operazion
indicated that this exposure would not be a problem. Long-term tests confirmed this.

Test specimen configurations or condit:ons that were cnitical following long-term exposure
were also criucal following iccelerated laboratery exposure.




12.0 CONCLUSIONS

This program yielded two general areas of conclusions. The first area concerns the relative
response of the three advanced composite material systems involved in this contract and their
abi?i?y to function successfully in the commercial aircraft operating environment. The second area
concems how and where to test for environmental durability as well as the ability to predict long-
term durabiiity trom short-term accelerated tests.

While a large amount of data are involved in this contract, a considerable amount of data scatter is
present as well. The scatter was more evident during residual-strength tests conducted at the
clevated temperature. The data scatter experienced on this program was partially the result of 100
few replicate specimens for each test condition and partially inherent in the process of testing
specimens after uncontrolled and widely varying enviroamental exposure. Combining data from
several specimen sets revealed behavior panerns more clearly.

The o 177°C (350°F) material systems (T300/S208 and T300/934) were more environmentally
stable than the one 121°C (250°F) material system (T300/5209). The differences were most
noticeable with elevated-temperature residual-strength tests.

The data showed that composite materials can be designed for successful applications to
commercial aircraft structures. Crossplied tension and flexure strengths actually increased
following real-time ground and flight exposure. Short-beam shear and compression properties
were reduced following exposure, but it is industry practice to account for these reductions.

Room-temperature flexure und crossplied tension strengths for all three materials showed some
increase after 1 year and then remained above 100% of baseline sength for the duration of the 10-
vear exposurc. At elevated temperature, these results were mixed. T30(/5209 flexure and
crossplied tension strengths were down slightly, as was the T300/934 flexure sirength. Both ot
these properties remained over their buseline strengths for the T300/5208 svstem. The T300934
tension strength was up as well. In all cases. these differences. up or down, were relatvely smal.

Room-temperature compression strengths were normally down, but the amounts and timing vaned
by material. At the end of 10 years, all three materials were down approximately 3%, Elevated
temperature residual compression strength tests were plagued by repeated grip-tab failures.
Remaining data showed smnﬁ)h" dropoff patterns sirmilar 10 those obtained with :he room-
temperature tests. although the long-tenm strength dropoffs were more severe. There was some

indication that the strength losses were caused more by test methodology than by matena.
detenioration.

The short-beam shear specimens d:splayed a peculiar pattern of residual-strength behan or for ot
room-temperature and elevated-temperature te<ts on all three matenial systems. Invariably
strengths showed a definite drop during years 1. 2, and 3. and then began showing less

degradation until they were at or near their baseline levels afier 10 vears. The reason for this
pattern is unknowr.

Short-term laboratory exposures can be uscful in predicting the relative durability of composite
materials. However, unul behavior patierrs such as the one displaved by the short-beam shear
specimens are better understood. real-time, real-world exposure on ground racks 1s recommerded
in addition to any controlied laboratory testing. Also. test plans for controlled laboraton
exposures should inciude sest specimens for extended exposure durations




Ground-rack exposure appears to be the most economical and convenient way to obtain long-term
exposure data. Testing on commercial aircraft is considerably more expensive and much more
limiting in terms of the space envelope available for specimens. These factors, in turn, constrain
the choice of test specimen geometry and sample size. Ground racks have none of these
limitations. Most important, the results of this program showed that nothing was lcamed from
exposing specimens on the aircraft that could not be leamed from ground-rack exposure.

Sevenal factors should influence exposure site selection. For moisture exposure, a site with high
and relatively constant relative humidity such as Honolulu or Wellington is most desirable. For
longu'm ing, ambient temperature at the site does not appear to be an issue. Sites such as
NASA Dryden that experience a wide range of relative humidity are less preferable for humidity
stadies but would definitely be of value to verify resistance w UV radiation. Site selection should
also involve consideration of the ability 1 monitor and retrieve specimens.

The results of this program indicated little or no difference in strength berween specimens exposed
on the solar and noasolar faces of the rack as long as the protective paint coating remained on the
specimen. This would eliminate the duplicate testing performed on this contract. Based on testing
of the three materials involved in this program, stressing specimens during exposure is not

The exposure of test panels, rather than test specimens. on the racks would greatly simplhfy
deployment and permit more test flexibility following exposure

Test plans should include sufficient material to permit a minimum of 10 replicate baseline
specimens and five replicate postexposure residual-strength specimens.

Another recommendation is to carry specimens or panels in the mamx whose sole function is to
measure the weight gain or loss used to determine moisture content. These coupons could be sized
to provide a more accurate and simplified means of obtaining these data.

Finally, the Celanese compression specimen and lixture are not recommended because of repeated
grip-tab failures. Some work should be done to develop a compressicn specimen that can be
painted and yet provide reliable residual-strength data
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Tabie A-1. Summary of Results—Aioha Airines. Nominal 1-year Specimens *

Exterior Solar Face
atlo Mater:al system
Specamen conf n
Property s 5208 5209 934
Room Wemperature rescual srength S8S "4 846 852
dam (pecenage of daseine) * ° Flexuse 1066 1¢3 1053
Bevand wmperature S8s 879 7 T4
tesxnl srength data Flexure 17 avs 10e
{percentage of beselre) * ° t 4S degree wrg on 1285 106 2 !
SBS dryout 104 4 974 K]
Wegit change data S8s 3 20 L)
Percantage gen «+ Floxure a“" 10 4
Percontage oes — 2 45 degree wnmion ] Ct
Weight ioes during dryout S8S dryout 90 [ 7] TN
Exterior Nonsolar
_ Materal system
Specimen abon
Property o corhgur 5208 5229 934
Aoom lamperature residuni SBS 904 [ ] ] 8313
dats (perceniage of baselne) * ° Flexure 148 1008 134
Bevaind wmperaire SBS 841 740 e
residusl strength date Ferwe 1101 848 ¥ 6
(parcentage of baselne) * ° t &5 degree wrmon 106 9 1144
SBS eryout 100 S 49 xR
Weght change data S8s 43 23 F3)
omn o Foxure 29 1e 32
Percemage et — 2 &5 degree wre.o~ co 6
Wegit lnss during drvout SBS dryout %4 » +2
intettor
wto Mstenal system
Prop Speamen configaration
oy 5208 59 334
Room enperaiwre residudl syength S8s %) (1) 835
sats (perceniage of basebne) * ° Fioame 1270 124 a8
t 45 degree rg.on 123 1276 1224
Cormpresscn 789 128 96
Sevated wmpereture S8s ®00 €4 8
resiual stength dam Flonwre 1143 228 136
(percentage of baselre) * * t 45 degree Wra.on 1156 e 1838
Sressed Wrson 104 %7 1C30
Compress.on 9 C 4 aEY
Weght change dats $8s 1€ fy N
Percerage gan « Floxure » 1 N
Perrorninge es — t 45 degree wre.on b} S ] e
Nodes

These specamens #100%0 'or 394 dayi. | 942 lagh! nouss

** % Not avedat

Resus srergh aate DEsEd Or tene: e ST A T o8 e - ve remge-atres



Tadle A-2. Summary of Resuits—Aloha Awiines. Nomwnal 2-year Specimens *

These specimens e1008e0 kv "84 Gays ) 832 Pigit- oL’y

Romdual sUength 002 10803 0N D050 WIS M T0 - e3peCTe e O~ 10n 'v3

“e 0t Nt evadabs

(379

Extecior Solar Face
Spec " . Matenal sysiem
Property men iguration
o or 5208 5209 934
Room Wsmperature resicual stength Ses ? 22 92
data {percentage of deseurw) ° * Flexurs vl 1034 932
Slevated nmpsralure Ses se ¢ 644
residual syength data Flaxure 960 08 887
(percentage of bageline) * °* 2 45 degree wreion 1202 b 1120
S6S dryout 831 70 ™4
Weght change dala Ses “« 23 5
Percortage gan Flexure % 04 29
Percertage lbes — £ 45 degree wreion - 08 et 4
Weight loss during dryout SOS dryout 1.19 ” 1.14
Extetior Nonsolar
Speci nd t l tyste
Property men co
gureion 5208 5209 934
Room amperstue rescual S$as 830 04 885
dal (percontage of baseure) * ° Pexure 979 ©ry 945
Eevamd empenare Sas 746 566 658
rendual sTength data Flexure 88 ©2? &S
{perceniage of basebne) * * t 48 degree wnsion - Y] 128
SBS dryout 989 958 ¢4
Weigit change data S8S 4 3 €8
Percersage gen - Flexue - 08 2 @
Percsrmage ioss — 2 45 degree wrson k) s 4
Weght loss during dryout S$8S dryout 104 76 * X
interior
” Vatera! system
Property Specimen ¢ FUCH
el 5208 29 334
Room Wemperat./e :encual sTengh S8S 88 4 849 86
B percentage of basere * * Flexue 993 08 g1 9
1 45 Cogree B W 100 e
Compression [~ X} 1003 98 9
Blevaind wmperanre S8s 638 65 ¢ Rl
residual srength daws Fleaue 58 2 he B 843
{parcormage of dase bne) t & cegree e 126 4 [ 3] w83
Swvessed wWnson 1198 1] 18
Comgressoon 90 s 82
Wegfr change dets S8s 29 2 3
Percertage gun o Fexue 7 -c2 13
Percortage 0es — t 48 cogree ket o7 '3 14
Notes




Table A-3. Summary of Resutts—Aloha Airiines. Nominal 10-year Specimens *

Exterior Solar Face
tourat Matera system
) &
Property Specimen corfguraton 5208 5209 934
Room mperature residual srength $8s N6 101.6 987
data (pevosnage of baselne) * * Fexure 1131 1313 100 ¢
Elevand wmpeaiure s8s 941 48 %9
residual srength deta Flexure 138 807 T8
(percontage of baseline) * * 2 45 degree hrsion A
S8S dryout 1088 103 1038
Weirgit change data S8sS
mw‘. Fbm L BN * 4o * e e
Percontnge loes — 2 45 degree ergion
Weight loes during dryout $BS dryout 122 203 .96
Exterior Noasolar
Specime Matesial system
Property " configuradon
8208 5209 934
Room empersture residunl syength $8s 930 'c2 e ]
data (perceniage of baselire) * * Fleture 1183 ‘009 1248
Bevend wmpemare S8s 0°)I 7852 [TY ]
resdus! strergth data Flerture 1C88 ac 1 T
{percenmage of basetne; * * 2 45 degree Wreon eree Seee sece
$8S aryout 122 107 159
Wesght change data S8s
mw. F‘m LR LAY s e e
Percentnge lces —. 2 43 degree wreior
Wergiht loss durr g drvout S8S aryout 118 {irad $4
interior
p _ ot Mateia svstem
Soacimen cc tion
oPety Gurato 5208 5299 o34
Room 18 Mperatu e remcudl st ength $8s 110 1218 2R 1
data (pecormge of baseére! * ° Fewre 1176 1148 149
t 45 deges Brmon 1C99 1]4 6 A0 N
Cormgresson 0’ bs- 4 s ¥ ]
Snend wmperatre s8s R 8213 e
sl wengh dan Ferue 1192 927 o5
(percentage of baseldne) * ° t 45 dogree wrmion 1268 [ ¥ 132
Sveseed wreor 28 822 Wr®
Comgresson st €5 T
Wesght chenge dam 88
Percontage gmn « Fetue - . .
Percentage ioss — t 45 deree wwON
~a—
Notes

Thess tpecemmng o1 sed for 4051 alve 20 €476 Sgrt howurs

Residual svenpih 022 Dased N ba 36! NG 19AIS 8! e reEIBCE 1@ % ~pe 3 res
* 7 * 7 Not avetabie

t Grop wb nappage



Table A-4. Summary of Results—Air New Zeaiand. Nominal 1-year Specimens *

Thees specmens ¢1p0sec tor 516 0a)s. 2681 light "owurs

° %0 Not avedable

Rosdual S¥ONOi C213 DESEd 0N DASE e WSS B T ' £30CC: v IO AN 88

Oryout oven overtwat 10 177°C 350°F; 2 days

tt  Qpmbsippage

9

Exterior Solar Face
. . Material system
P'M Spocmneonﬁgn
son 5208 52C9 §34
Room Wwmperatse rescusl S8S -1 8T 4 96
dat (percentage of daseiine) * * Flexure 1042 1022 1?7
Eleveted mmpenatire S8S 832 7”1 7
resicual strength data Flexure 1} 804 9a®
(perconinge ol basniw) * * £ 45 degree Wnsion 1248 b 1173
S8S dryout 1034 (1 2 %66
Weight change data S8s 58 54 58
Percontage gein « Flaxure 65 36 52
Percentage loss — 2 45 degree Wreon R seve 49
Weight lues during dryout SBS dryout t 8 s?7 .70
Exterior Nonsolar
Mazer al system
Property Spec:men contg.rat.on
¢ 5208 5209 )
Room lemperatsre reschual S8s 9013 856 882
datn (percantage of baselne) * * Fexure 1087 147 S8 8
Elovated tampesatire S8s %0 b ¥ | 5%
residual strength data Floxure 1034 897 546
(perconiage of baselne) * ° 2 45 degree ension 1742 seee t126
S8S dryout T84 e s 2
Weght change data £3: 60 36 L33
Parceriage gen o Flexure 66 28 43
Percortage ioss — ¢ 45 degree wnsion (%] b L3
Weight Ioss during dryout S8S aryout * 53 8 Y]
interior
' " Mater.al system
Spec men contigurancn
Property hdl 5208 $2C3 934
Room Wmperature reschusl $as %S H g ] | 2
datn (percentage of basehne; * * Flexure 107 4 106~ 12+ 8
2 45 degree npon 1198 AL 1234
Comzresecn X} ‘08 $65
Beveled mivporsiire $8S ha B > bod |
rexdual srengh data Flaxure 91 X} «S
{percentage of * .scéne) °* t & degree B won 1628 83} 1137
Sveseed wreon 1901 8T e 1283
Comgresmon a2 8G € T8t
Waght change data S8s & 38 )
Parcertage gan « Flexure S0 e 45
Perceresge oes — | t 4 degree wnaon e b LN
Notes




Tablg A-5. Summary of Results—Av New Zea/ard. Nomirai 2-year Specimers *

Exterior Solar Face
. cond Mater.al syste™
Specimen avon
Property on comtg 5208 5203 )
Room mperatare res:dual strength S8s 2 802 934
dais (percentage of basebne) * ¢ Flexure 108 1 1335 Lol
Bevaied empermture S8S ot 732 TS
residus! strength deta Flexure 009 a1 56
(percentage of besebne) ° ° £ 43 degree Wrevon 1208 128
$8BS dryout 1038 9% 4 029
Weight change dala SBS S4 kY] L 34
Percontage Qain « Flexwre 61 X s&
Percentage ices — 2 45 degree Wnsion ? 61
Waight loes during dryout SBS dryout ] 16 86
Exterior Nonsolar
. cont son Mater:al system
m .
Property Specimen contgura 5208 5209 s34
Room mmpenatue residull syength S$8S 887 &39 855
dain (pevcentage of basebne) * ° Flerure 1% 0 i [ 1265
Bevaid wmpersture SBS 832 T 788
resdual srergth deta Flexwre - X & 942
(percenmge Ot besedne) © * 2 45 degree wnaion 13853 119
S8S dryout 1068 98 83~
Weight change data $8s s £ X]
Percertage gein « Floxure 68 25 61
Percentage ioes — 2 4S5 degree Wwraion ki) 6%
We:ght toss during dryout $B8S dryout ] [ )
interlor
Materal sysiem
ren contguratcn
Property Spea 9 5208 3203 834
Room lemperakae res.aual srength S8S 844 [ R3] v &
data (percentage of dasebne) * * Flexure 1078 1:26 » -
£ 45 degree Wreior 18 1916 treQ
Compression 101 4 €8S 42
Sevand wmperawre S8S [ VY] e e
eda!l strength data Fensre 108 % €3 48
{percantage of bageine) * * 2 45 deyree WO 1218 950 *3M3
Svessed ergon 1ns 9 (T ALY
Compresson Ts [ ] tes
Weeght change data S8s ) . 58
Percertage gan - Fleuure 59 ) 8¢
Perosrtage ioes — 2 45 degee 0N 48 Q 14
Nows

' Gnp wb sippege

These soscumens esnosed \cr "7 deys, 4.436 fet hous
Residual syength data basec 5n Daselne WSS o @ recpecive e ¢ atres
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Table A-6. Summary of Resuits—Ar New Zealand. Nominal 5-year Specimens *

Exterior Solar Face
l Specimen _ Matenal system
? M Wn
*® 5208 5209 934
Room wmpersiae residual strength S8s 805 [ 1 Y] 8%0
u(mﬂw)" Flexure evee er e ceon
Elevated iampanire SBS . X)) 792 871
v' l l lu n I N N *e s e *e s
(perce g of besnbne) * * 2 &S degree Yenmor: 1024 soee 1158
ssd'}!ﬂl‘ *0 o0 e e e *o o
Waeight change daw S8S
F mv. n I LA N X ] *ee e *ece
Parcentage loss — £ 45 degree Nnsion
Weight loss during dryout S8S dryout LR} 118 119
Exterior Nonsolar
Specimen ¢ Matenai system
Property configuration
oo 5208 5209 934
Room wmmpecatre resicual srength s8s 047 891 751
MMO’w“"' Flexure ceee oo s )
Eleveted wmpanature S8S ®e 8239 &7
residual sy ength data Flexure coee
{peroentage of basciine) * ° 2 45 degree wnmon 106.0 see 1156
mmn‘ T e *ee e Te e
Weght change data SBS
A wge gein « Flexure
Parconiage loss — 2 48 degree termion
Weight loss during dryout S8S dryout 110 122 ”
nterior
Specimen " Matenal system
Prope configuration
iy 5208 5209 934
Room wmperature resicual strength s8S 80S N4 7
daia (percenige of baselne) * ° Flexure cens cees ceee
£ 45 degree rmon 1031 by 1054
Compression m”2 021 19 1t
Elevated tomperaure s8s 880 LR | e
w"mm m". cese LR aeee
(percenage of basedne) * * 2 45 degroe tension: 1121 844 1108
S¥ressed wnswon 1156 836 1033
Compression 749 ¢ e2e >
Weight change deta $8S
mwn. Fisxure cees cese vees
Percentage loss — t 45 degree emmon
Nows

These spevimens exposed ¢ 1,837 days. 10,287 fight-hours

Resdunl sTength data based on Dassine 1Wsts at The resoective terperaNres.
°*** Not svedsble

t Single specimen.

1t Average of two spezimens
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Table A-?. Summary of Resuits—Southwes? Airires, Nominal 1-year Specimens *

Exterior Solar Face
conficuratio Materal sysiem
Property ame n
Speamen cocfigur 5208 5209 934
Room wmperature residual strength SBS 887 878 833
data (percontage of baselne) © ° Flexure 1127 98 1073
Eevated bmpecawre 1 860 IAR) 724
residual strength cata Flszure mo 8T 82
{percentnge of baseline) * * 2 45 degree wrmion s tee 108.7
SBS dryout 92 N9 94
We:ght change data S8Ss 55 46 48
Percortage gain « Flaxure 42 R kR
Porcontage loes — 2 45 degree Wrsion 49 s €2
Wit loss during dryout S8S dryout o4 L24 9
Exterior Noasolar
) Material system
Y %
Property Specimen corfiguration T P
Room Wmper alure residus! sy S8S 84 [ 1 866
dam (percorntage of basekne) * * Flsxuwe 1082 ok} 12
Sevated mperature S8S e X4 783 36
resicdual stength data Fezure 114 4 256 $30
{perceniage of baseing) * * 2 45 degree wrm:on 1031 seee 1281
S8S deyout 1046 96 4 88 :
We.ght change data S8S 6 35 51
Percentage gan + Flanure & 21 N
Percentage loss — 2 45 degree wnmion 47 sexe 43
Weght loss during dryout S8S dryout [ ] 3 8s
Interior
) Matenx! system
Proparty Specimen configuraton 2206 5599 N
Room IXmper akure resachas | strengeh SBS 087 883 782
Jata (percentage of busebne) * * Flezue 887 “Ks 148
2 45 degres Wrw:on "7 ‘ 1258 13T
Compreason ] ] “93 o )
Bevated Wmperature S8s 818 b 89
resdual srength Jata Floxure 108 ® “21 833
(percenmage of baseine) * © t €& degres ®rs:0n 981 T€0 11
Skessed wnmon 1202 ars 189
Cormpreasion ? &1 0 &8
Weigiht change data <8BS 50 S 53
Percentage gain « Flazure 3 9 56
Percertags kes — 2 45 degree Wrmion 40 hL1 )
Nowes

Theuc spacTnens exposed 1o 488 days. 4,662 Sght hours

**° Not avaiable

Residual stength data based on beseine lests at the reS00Ch Ve MpeTan. res

im



Table A-8. Summary of Results—Southwes? Airtnes. Nominal 2-pear Specimens *

Extetior Solar Face
Speci confauration Mastenal system
imen :
Property o 5208 5209 934
Room wmperatre resxhal s8s o4 (TR} KkI
data (percentage of baseline) * ° Flexure 108.0 1026 103.4
Elovated ermperaiie S8S 83 695 6.3
residual strength data Flexvre 2 914 1000
{perceninge of baselne) * * 2 45 degree Wneion 108.7 soee 1150
$8S dryout 100.1 909 84.0
Weight change data S8S 58 44 103
Porosrmage gain «+ Flexure ) ¥ n
Percontagn loss — $ 45 degree tension 3 s 4
Waeight bes during dryout $8S dryout R 1.5 90
Exterior Nonsolar
Spacimen _ Material system
Property configuration
8208 $209 934
Room wmperature resicuel S8S 1) 721 874
duta (percarimge of baseire) * ° Flexure 107 1089 924
Elevated Wmmpearsure 58S 80?7 21 e
readual stength data Flexure 133 848 978
(perceniage of dasofing} * ° 2 & degree Wreidn 103.4 s 1914
S8S dryout 100.9 e12 06
Weight change data ses 6 4 2
Parcentage gain « Flexure 66 113 st
Percermage ioss — 2 45 degree M ngian 25 . o
Weight loss dunng dryout S8S aryour e | 49 84
Interior
Specimen configrat Natonal system
n on
Property g 5208 €209 934
Room wmperature res.chus! stength S$8S s 8Ce 840
dnta (percentage of baselne) °* Flaexure 1087 99 TS
2 &5 dagroe Breion 1120 1190 1961
Comgression 98t 1018 ?
Elevated mmparatre S8s %1 78 790
retidual svength data Flexure 1120 a2 1061
(percermge of baselne} * * 2 45 degree Rrwon 1099 %9 "2
Syessed mnsion 1140 28 193
Comgrassion “at 97 813
Weight change dats s8s «Q .20 s2
Percertage gain - Flexure L -8 36
Perce-tage loes — 2 45 degrae e ns.on - 81 28 27
Nowe'

°*°° Notsvaladble
t Grip tab sl ppage

Theee specmena exposed foc 884 cays. §.334 gt howrs
Resdusl s¥engih 2ata Cased on tasehw S 3t The re8pectve lempe: ahures
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Tadble A-9. Summary of Results—Southwest Airines, Nomnai 3-year Specimens *

Exterior Solar Face
] " o Materiai system
Property Specimen corfiguratior
> 5208 5209 934
Room wmper ature rescuni S8s 950 879 %0
data (percentage of baseline! * * Fexure 1107 1089 1232
Bevahd wmperaise s8S 02 691 774
repcual svength data Flexure 1ses Nno 953
{porceninge of baseline) * * 2 45 degree Wreson 1089 see vig83
SBS dryout %9 1]K3? N
Weight chenge data S$8s 3 48 -3
Percentage gain + Flexure ¥ 21 -18
Porcontage ot — 2 46 dagree wre:on 8 s $S
Weight loes during dryout S8S dryout R 86 97
Extetior Nonsolar
. bo Matenal system
n
Property Specimen configura 209 o
ROOM WNoet alure residutl srength S8S 9022 883 834
3at (percentage of basekne) * * Flexure 1073 109 157
Sevannd ampearre $8S 024 707 bR
res:dual srergth data Floaure 1124 827 $09
(percentange of baseline) * * t 48 degree Wne:On 106.6 st 1re
S8S aryot 108.6 128 ]
Weght changs data s8s -3 4 -z
Perconage gain « Flexurs [ ¥s 45 -2
Percontsge loes — £ 45 degree rson 24 cree 30
Weight iows dunng dnyout SB8S dryout 86 88 (3
interior
B Spec orthourabo Mater . system
amanc radson
operty x 5208 5209 934
Roorn lmperatse reaidud srongth S8s 889 903 82
data (percentage of bassune) * ° Flexure W0r T 102 $92
1 45 degree raon 112¢ 1188 1M1)
Compre smion 1002 1°02 s
Elevand wmperature S8S 8¢ 704 €76
regicdual sirergth data Flexure ARRN 946 3
{perceniuge of beseine) * * 2 45 degree wrsion 1053 921 136
Sressed mnscn 1149 873 ‘1 s
Comgpresmon T3¢ as 3
Weight chenge daza $38 49 ° 63
Poccontape gain . Flexure LY R 35
Percontage .55 — £ 45 degree wngion s k7 7
Notwes.

Thess specimens exposes for 1,128 days. 10 780 ght-hours
Residual svength data based on basel v les's at the respecive Prpereines
°°°° Not aveiable
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Tadle A-10. Summary of Results—Southwest Airtines, Nominal 5-year Specimens *

Exterior Solar Face
" Material system
Proparty Specimen configuration
o $208 §209 934
Room wenperature resicual strength $8S <7 ] 930 100 1
date (percentage of baneiine) * ° Fioxure 1129 1113 1037
Eleveted wmperaivre S8s 1079 106 0 1C35%
rescual strength data Fleaure 1037 59 963
{percenmge of taseline) * * £ 45 degree lereion 1373 sese 1007
SBS dryout 1184 108 8 1078
Weight change data $3S
mw" Fb.w' can e LI Y e e
Purcontage loss — £ 45 degree wnsion
Weight loss during dryout $8S dryout n 55 74
Exterior Nonsolar
. ) Materi ) system
Property Specimen configuradon
5208 5200 834
Room wmperature rescdusl SBS 1030 1039 [T
data (percentage of basebre) * * Flenure 1092 106.8 160
Eloveted empenature $8S 1031 106 4 (Y%
residusl syength data Fiszure 1168 X ] 978
(perceninge of basedine) * * 2 45 degree NroN 1422 tese 1032
SBS dryout 888 1033 S48
Waight change data s8s
hwm‘ Fb'“ L) e e ases
Porcertage ices — t 45 degree wrmon
Weight foss dux ing dryout S8S dryout a7 S0 70
interior
" Matenal system
Specaimen config:
roperty Phgoraton 5208 5209 o34
Room wmperature resciusi stength $8S 1086 196 1 vese
dema (perceniage of beseine) * * Flexure 187 %24 b
£ 48 degree e reion 1219 1o? 1090
Compression 1048 958 S
Eleveted wmpeniiure SBS 1124 1209 T
remdusl strength deta Flaxue 128 927 eove
{perce Mage of dasedne) * * t 45 degree Rnsion 14C 3 942 1059
Skessed enson 1239 952 1162
Comgresson 201 (LX) 5831
Weght change data s8s
w”n. ‘blw > e LR *ee
Porcentage ioes — t 45 degree wrmon
Nows:

.

¢*** Not avadahie
t Grip @b sippage

Theee specimeng expoaed for 2,316 days. 20,668 gt hours
Resrdual stength data based on Basekne Wsts at he respecine lemoe- atures




Tadie A-11. Summary of Results—Southwest Airtnes, Nominal 10-year Spec:mens *

Exterior Solar Face
Soec: . Matenal system
Property pecimen configuralic
" " 5208 5209 934
Room mperaiure residual strength $8S 901 82 98+
data {percentage of baselne) ° ° Flexure 1147 1047 97
Elevannd wmperare S8S %69 1097 3
resicual strength deta Flaxure 1065 99 203
{percentage of baseline) * * t 45 degree nsion 103.2 ceee 107.0
$8S dryout 1108 1087 1071
Weight change duta S8S
M“’w" mm LN ) LI LI L
Percortage bes — £ 4S degree wrsion
Weight loss during oryout S8S dryout e §1 ?
Exterior Nonsolar
, rourate Mater:al system
K hen
Property Specimen conf gur 5208 5209 934
Room wenperahure residudl st ength $8S 973 985 951
data (percentage of baselne) * * Pexure 1148 1223 9358
Elevated wnperature s8S 1040 1088 1004
residual syengh data Fexure 1079 842 8 d
{parcenmage of baseline) * * 2 45 degree wnsion 108 1 seee 1147
$8S dryout 1099 1050 1540
Waeight chenge data S8s
mw’ Fb!l“ se e s ese se e
Percortage loss — 2 45 degree wnsion
Weight loes cluring dryout S$BS dryout 97 48 T2
Interior
. ) Materisl systemn
Specimen anon
Property configur s208 5209 334
Room meperata s msdun! sTength S8S {[+h Il 10C 7 983
daia (perrentage of baseirm) * * Floxure 124 IRAK | 1C8 6
t 45 degree Wraion 1006 27 128
Comgression [ 2] 96 ) 48597
Bevatnd Wmpeatre S$8s 1020 056 1020
residual stength data Flexure 100 $33 42
(Precentage of basebre) * t 45 degree Wre.on 1238 B 1192
S¥eased nmon 126 4 93¢ 1168
Compresson N2 e 58 ¢
Weght change data S8s
mw‘ Fbl\'. R se e ceas
Percerntage ioss — t 45 degree wrsion
Nows:

These spacirmens exposed for 3579 days, 32.637 igt Mours

©*°° Not svariable

t

Gnp b shppage

Resdusl strengh data based on Basohine INSTS 3 The rETPECLve 1Mperatures
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APPENDIX B LONG-TERM GROUND EXPOSURE SUMMARY RESULTS



Tatve B-1. Summary of Resuits—Honokulu, Nom:nal 1-year Spec:mens *

Solar Face
0 Mater:a! system
Property Specimen configuration
5208 5209 934
Room temperature resicual S8s 89.4 824 8.2
strength data Flexure 1€2.7 1017 1C5.8
{percentage of baseline) * * t 45 degres tension 1078 1049 103.5
Elevated temperature S8S 875 746 4
residual strength data Flexure 111 89.4 103.2
(percentage of basekine) * * t 45 degree tension 98.2 808 949
S8Sdryout®** 95.5 117.0 1€0.5
Weight change dats $8s 27 -.03 .29
Porcentage gain « Flexwe .08 -.08 18
Percentage as — % 45 dogres tension .04 07 16
Weight loss during dryout $8S dryosut 98 62 8¢
Nonsolsr Face
N Matenal system
ty Specimen configuration
Prope 52c8 52C3 §3<
Room temperature res:dual s8Ss 9.0 837 824
strength data Flaxure 108.2 W7 1268
{percertage of baselne) * * Compression 835 58 979
Elevated temperature s3S 85.1 734 T29
tesidual strength data Flexure 110 95.8 02
{(percerdage of baseline) * ° Compression 7741 79.¢ 82.2
Stressed tension 128 804? 106
SBSdryout* 841 ne 1823
Weight change data SBS .30 .07 3
Percontage gain « Flexwe <09 -.Ct 22
Percentage loss — Stessad tanmon AN 09 32
Welight loss during dryout SB8S arycut 86 %8 [y
Notws:

These s0ecimens 9:p0. 10 i0f 398 days.
Aesi3ual steng:h data based on dase! ' tests at*r e raspective tamperatures.

* + ¢ SBS dryout speamons incorrecty tested at RT.

t  Average of two messuraments.

t 1 Gnp tab siippage.
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Table 8-2. Summary of Resufts—Honouls, Nominal 2 -year Specimens *

Solar Face
Spec . Material system
Prope imen configuration
R 528 5209 934
Room temperature resicual S8s 52.5 789 759
strength data Flexure 96.4 9.3 1034
{percentage of baseline) * * % 45 dagree ‘ension 109.2 naz 106.0
Elevated temperature SBS 817 €5.6 79.1
residu el srength data Flexure 96.6 829 3.7
(percentage of baseline) * * 2 45 degree tension 112.6 785 1069
SBS dryout 827 9%5.2 873
Weight change data $8S 32 -.03 <8
Purcentage gain + Flexure 24 .5 a7
Percontage loss — t 45 degree tension -10 -9 €3
Weight loss during dryout SBS dryout 116 58 1.28
Nonsolar Face
Spec o Material systiem
Pr men configuraton
operty 5208 5209 334
Room temper ature residual ses 8%.7 78.0 833
strength data Flexure 108.7 108.2 667
wvo'u‘“m)-' CON‘Q.SSO(\ seee LI “ s e e
Elevated temperature SBs 80.9 643 €37
residual strength Jdata FlexJre 1008 84.2 83
(pwo'u‘“r‘)oc cow.s’bn seee ee e e ao e
Stressed tension 126. 773 1183
S$BS dryout 1091 818 872
Weight change data s8as 42 23 83
Puorcentage gain « Flaxure k| .08 .39
Percentage ioss — Stretsed tenson 29 L9 23
Weight loss dunng dryout SBS dryeut 1.20 .93 134
Notes*

‘ Theee specimens exposed ‘or 740 cays

°**° Notavaiable.
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Residual strength daa based on baseh~a tests al the respect ve terperanres.




Tadble B-3. Summary of Resulis—Honoluks. Nomingl 3-year Specimens *

Solar Face
Soec . Matenal sysiem
Prope men cortguraton
i 5208 5209 234
Room tempersture resicusi SBS $1.0 822 833
strength data Raexure 85.6 88.4 809
{percentage of baseline) * * = 45 degree tension 104.1 103.4 106 8
Elevated temperature SBS 78.8 66.0 73.2
residual strength data Flexure 88.0 728 89.2
{percentage of basaline) * * + 45 cegree tension 128.4 795 110.6
S8S dryout 87.9 94.6 95.1
Weight change data ses 50 29 50
Percentage gain « Flexure 22 .03 24
Percontage loss - t 45 degree tension -.26 -.38 -2
Waeight loss during dryout SBS dryout 1.06 75 83
Nonsolar Face
Maeal sysiem
Prope Spec:men contiguation
i 5208 5209 34
Room tarnparature resicua: s8s 90.1 85.9 813
stongth data Flexcre ses 79.2 887
{percentage of baseline) * * Compression 748 92.2 83.4
Elevated te mperature SBS 846 670 79
resioual srength data Flaxure 10¢.5 880 NS
{percentage of baseline) * * Compression 2291t 598 62.¢
Shessed ‘ension 1215 953 113.2
SBS dryout 1013 9.7 3.2
Weight change data $8S 58 A1 63
Percertage gain « Flexire 2 21 33
Percentage loss — Stressed ension 62 32 53
We:ght loss during dryout SBS dryount 89 77 RN
Notes
¢ Theee specimer ~sed for 1,096 days.

** Residual strength
t  Grip tab slippage.

11

Jased on basaire ‘esis at the 'espectve ‘e Tperatures




Table B-4. Summary of Resulis—Honoluks, Nominal 5-year Specimens ~

Solar Face
Matena! system
Prope Specimen contguration
i 9 5208 5209 934
Room temperature residual SBS 913 90.3 96.7
strength data Flexure 105.3 104.8 1138
(percentage of bassiine) * * 1 45 degree tension 1075 976 1C5.9
Elevated temperature S8S 8s 613 K
residual strength data Flexure 98.8 88 1 96.8
(percentage of baseline) * * 1 45 degree tens:on 1218 96.6 108.9
SBSG‘VO\A LN N [ KX N e
Waeight change data $8S eeer s eoee
mw’ F‘.N. esee LR N'Y sse0 e
Percentage loss - 2 45 degree tens.on s e
Weight loss during dryout SBS dryout Teer A
Nonsolar Face
) ) Matenai sysem
Specimen confguration
Property 5208 5209 34
Room temper ature resdual $3S 96.3 875 8Ss.2
stength date Flexure 109.0 109.9 137
(percentage of baseline) * * Compresson 883 98.9 99.3
Elevated tempersture SBS 822 619 6993
residudl strength data Fiexure 994 940 RY
(parcentage of Dasaline) * * Compression 453 s96¢t 63.3
Sressec tenmon 125.6 868 1198
Sasaycm seee *ev o ceaese
w”h'wmd‘n sas sene ss e e ev e
pum.w. ﬁ.xur. o2 e e see e cees
Petcertage loss — Sressed tension soee seee LR
Waeight loss during dryout SBS deyout
Notes:

.

t

Thess specimons exposed for 1,826 cays.

** Not avalabtle
Grip tab slippage.

Residual syength data based on baseline tests at 1he respectve temnerasures




Tabie B-S. Summary of Results—Honslulu. Nominal 10-year Specimens *

Solar Face
; Matenal sysiem
Propert Specmen corfguraton
"y 5208 5209 934
Room temperature residuai SBS 104.8 985 978
strength data Fexure 1135 107.0 120.0
{percentage of bassline) * * * 45 degree tenson 1053 98.6 93.2
Elevated lemperature SBS 96.6 788 88.0
residual srength data Flexure 1211 86.5 982
tpercentage of baseline) * * t 45 degree tensi0n 1223 939 839
SBS dryout 1078 108.1 1007
w.‘w'mm sas *e® 00 L ] LI Y
mm’ FDIUIO [ NN *rese *e e e
Percentage loss - £ 45 degree 6 son seen reee tee
We-ght loss during dryout S8S dryout 217 K3 66
Nonsolar Face
s g Materai sys:e™
Property pecimen con‘iguraten
5208 S209 Q34
Room temperature resicual SBS 908 578 WS
strength date Flexure 115.0 126.9 1021
{percertage of basaune) * * Compression 787 788 241
Elovated temperature $8S 937 78S 851
residual strength data Flexure 118.1 881 g7
{percertage of bassline) * * Compression 2481 617 388t
Stressed tension 104.4 11C1 89S
SBS dryout 99.0 1110 998
wcwmmm‘ sss Teve sene sees
Percentage gain « Flexcre reve M s
P““mb“_ su.”w‘sﬂsioﬂ vaee seen crew
Weight loss during dryout $8S dryout 2.00 6C 1.3€
Notes:

* These specimans exposed for 4,002 days.

**** Not avaisble.
t Gnp tab slippage.

R

Residual strength data based on baseine tas:s at the respechve terpera‘ures.




Tatle B-6. Summary of Results—Wellington, New ZealanZ, Nominal 1-year Specimens *

These specsmens exposed for 508 cays.

Grp tab s! ppage.

1id

Residual strength data based on baseline tests at :he respectve eroerahires
Oryout oven overheat to 177°C (380°F), 2 days.

Solar Face
Speci ) ) Material sysiem
Property men confQuration
5208 5209 934
Room temperature resicual $BS 942 879 908
syength data Fexure 102.8 100.7 104.7
(percentage of basekne) * * 2 45 degree tension 1122 1185 118.4
Elevated temperature SBS 818 €70 74.6
residual strength date Flexure 101.6 782 91.1
(percontage of baseline) * ° 2 45 degree tension 118.7 83.1 109.5
SBS dryout 9.8 100.9 99.3
Weight change data SBS .85 39 .51
Percentage gain « Flexure .68 38 .58
Percentage ioss — 1 43 degres tension .64 39 43
Waeight loss during drvout SBS dryout*** 1.00 .59 .87
Nonsolar Face
Speci . Material sysiem
Property imen confguration
5208 5209 234
Room temperature re sicual 86.6 870 878
srength data ;Ein 106.2 989 938
] ine) * * € 1 4
(percentage ot baseline) Compresson G4 99 100
Elevated temperature 881 699 734
rescual strength data 295 %8 789 925
(percentage of baseline) * * e 73.0 871 85.5
mm 124 870 105.7
7.2
sas . 104.2 976 97.
Weight change data 80 43 7
Percentage gain « g%i' . 81 .40 56
Per loss — 57 . 61
certage loss Str tension ) 42 6
Weight loss duning dr )
oig ng dryout SBS dryout * * * 92 5C 84
Notes:




Talie B-7. Summary of Results—Vellington. New 2eaianc. Nomira! 2-year Spec-me~s *

Scliar Face
Spec Mawia!l system
Property ‘men contguranor
5208 5203 934
Room temgerature residual SBS 8z.6 941 867
strength data Flexure 1022 1.4 138 1
(percentage of baseline) * * 2 4S5 degree tens.0n 116§ 1259 1228
Elevated tempacat.re Ses 85.0 709 724
residual streng:h data Flexure 100.9 a9 877
{psrcentage of bassline) * * 2 4S degree tengon 129.0 864 1419
SBS dryout 00 963 834
Weight change data SBS 80 43 35
Percentage gain + Flexyre 78 43 64
Percentage ioss — 2 45 degree tens0n 66 L] 56
We ght loes during dryout SBS dryout 1.06 £ 133
Nonsolar Face
Mate’ a syse™
Property Spec'men con‘iguraton
5208 5ac3 934
Room temperature resiuual S8s 88 s a8ss 963
strength data Fierure 107.0 178 ‘€S 3
(perceniage of baseine) * * Compression 922 8 28
Elevated temperature 8§3S 3 ~e2 baNe
residual atrength data Flexure S48 326 833
{percertage of basseine) * * Compression st ™33 Ta s
Stressud tensicn 1211 ess 120 8
SB8S cryout 108S 67 838
Weight change data S8S 83 53 8€
Percentage gquin « Fiexure I sC ™
Percentage loss — Stessad tanscn 62 56 6C
Wesght loss during dryout S8S cryout T 16 i 107
Notes.

t Grip tab fadure.

Thess specimens exposed for 786 da;'s.
Resicdual strength data based on baseline tests at > @ respechve lerrperatres

s



Tatde B-8. Summary of Results—Weliington, New Zealand. Nominal 3-year Specimens *

Solar Face
Speci Malena' system
Prope imen cenfguration
i 5208 5209 934
Room temperature resicual $8S 863 881 933
strength data Flexurs 108.0 998 106.5
(percentage of baselne) * * 1 45 degree tension 109.3 1218 1158
Elevatad temperature S8S 80.4 677 7
residual strength data Flexure 103.1 89 & 95.0
(percentage of baseline) * £ 45 degree tension 106.01 86.4 tt 1153
SBS dryout 923 948 830
Waeight change data $B8S seee 49 .74
Percentage gain « Flexurs 70 an 61
Percentage loss — t 45 degree ‘o~ 'Tn 39 42 .29
Waeight foss during dryout S$BS dryout 89 e .93
Nonsolar Face
Speci Matenal system
Prope imen configuration
W 5208 5209 a3<
Room temperature residual $8S 94.0 871 918
strength data Flaxure 105.4 1647 1c7.
(percentage of baseine) ** Corpression 865 1002 3.
Eleveted temperature S8S 82.4 692 738
residual srength data Flexure 96.1 825 516
(percentage of baselne) * ° Cempresson 73011t 76 € €961t
Stessed tension 129.4 814 1988
S8S dryeut 239 $39 96.2
Vieght charge data $8S e 49 4
Parcentage gain « Flexure 70 40 81
Parcentage loss — Stressed tens.on » 42 .29
Wesght loss dunng dryout $8S dryout 1.11 62 110
Notes:

These specimens exposed for 1,163 days.

Rasidual strength cata bused on basel ~e tests a’ t"e 1espect ve ler-peratLres

**** Not avaiable.

Average of two test values.
T Tested at room tomperature.
11 Gnp tab sipoage
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Tadie 8-9. Surmmary of Resuits—Waellington, New Zea'and. Norwnal 5-year Spec.mens *

Solar Face
Speci Matenal system
Prope iren contgurauon
i 5208 5209 934
Room temperature residual $BS 86.7 838 861
strength data Flexure 105.5 1037 1038
(percertage of baseline) * * = 45 degree tenson 1C6.8 118.4 7.7
Elevated temperature sBs N7 709 79
res:dual srength data Flexure 1104 0.1 1028
(percentage of baseline) * * + 45 degree tens.on 106.2 925 110.%
S8S dryout 100.2 1027 59.4
Woeight change data S8S
mw“. F‘*XU" LN teecoe ss e
Pacentage loss — 2 45 ougree tension
Weight loss during dryout SBS dryout 123 82 123
Nonsolsr Face
s Mater al sysiem
Property pec Ten conhguraicn
5208 £2C38 934
Room temperature tes:cuai S5S 99 reee st
strength data Flexure 106.3 1336 °C3.8
{percartage of basalne) * * Cemeression 1029 1972 1C8 6
Elevated temparature 83s 819 cee .
residual strangth data Fiaxute 1655 ] 871
(percentage of baseline) * * Coempeesson 706 i 873
Stressec tarsion 114.1 1048 1ced
SESUWOL' [N ss s e " e e
Weight changs data S38
p“mm‘g‘ﬂ - Fk‘xu" se e Xl see e
Percentage loss ~ Stessed tensicn
Waeight lcss dunng drycut S8S cryout 1.16 §% 123
Notes:

°°°° Notavailable.

These spacimens exposed for 1,812 cays.
Remdual srength data based on base ine tests al i~ e resPective tarceralures




Tabie B-10. Summary of Results—Dallas. Nominal 1-year Specmens *

Soler Face
s b Matenai system
Prope pecimen configuraton
v 5208 §209 934
Room temperature residust $8S 80.7 856 838
strenggh clata Flexure 109.3 110.2 1338
(percantage of baseiine) * * x 45 degree tension 1136 1119 1138
Etevated temperature $8S nese 78 n2
residual \wength data Flox: *a 1122 8s9 943
{rercartage of bass!ine) * * 2 45 degres tension 1200 794 1193
S8S dryout 94.2 9.9 863
Weight change data $8s 49 .36 81
Percentage gain «+ Flexure 4 .08 4
Percentage loss — 1 45 degree tension k| 28 34
Weight ioss during dryout SBS dryout 87 82 87
Nonsolar Face
s Matenal system
Prope~ pecimen confguraticn
52C8 5209 Q34
Room temperature residual S8s 88.1 859 331
strength data Flex.re 1122 1019 1289
{percentage of baseline) * * Compression 86.1 1012 976
Elevated tempermiure s8s 798 72 892
resdual strength data Fiax.re 1118 688 358
(percentage of baselire) * * Compression 708 894 329
Stressed tension 1223 98 9 1:8$
$8S dryout 101.4 %64 895
Weight change data ses 50 32 46
Percentage gain + Flexure 40 A8 33
Peccentage ioss — Suecsed tension 37 38 37
Weight loss during dryout SBS dryout 92 35 81
Notes:

These specinens exposed ‘or 42.4 days.
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Residual strength data based on base ire les:s al the respectve ‘emperatu’es.




Tab¥e B-11. Summary of Re<: “s—Dallas. Nominal 2-year Specimens *

Solar Face
S Mazer:al sysiem
Prope. .v pezimen configuration
' 5208 52C9 934
RAnom temperatore resicual S88 9.5 30.¢ 91.3
szength data Flexure 1.0 108.4 1331
(peccentage of baseiire) * * 1 45 dogree tension 110.0 11C9 116 7
Elevated temparature S8S 8s.8 729 80.2
residual strength data Flexure 109.8 838 100.4
(percentage of bassiine) * * % 45 degree tension 1255 B3.t 116.3
SBS drycut 93.8 924 93.4
Waeight change dsta SBS 49 A5 .83
Percentage gain « Flexure 35 €3 36
Percentege loss — 1 45 cegree tension 3¢ 22 28
Weight loss during dryout $8S ayout 96 &8 a7
Nonsolar Face
Matenial sysiem
Propey Szecuren ceniguraton
5208 5209 934
Room temperature residual S$8S 94 1 90.1 8338
sength data Flexue 107.8 1317 932
(percentage of basedine) * * Compression 9C.0 108.2 98
Eiovated tarmparature ses 82.7 63.6 75.C
residual strength data Flexore 103.0 8.8 327
(percentage of baseline} * * Comorassion ust 76.0 75.4
Sressed tension 130.7 855 1202
$3S dyout 978 48 858
Weght change data S8s 58 58 .61
Percentage gan « Flexure 47 X0 48
Percentage loss —- Stressed tension 23 a8 48
Waeight loss dunng dryot $BS cryout 90 73 162
Notes:

t  Grip tab sfgpage.

These spec mens exposed for 816 Jays.
Resicdual streng'h data based on basel e tes:s a: t~e (930ECtVe (8 TPe’atu"es.
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Table B-12. Summary of Results—Dalas, Nomiral 3-year Specimens *

Solar Face
'Aaterial syswe™
Pr Specimen configuration
operty 5208 5209 934
Room ternperature residual S8s 987 s 88.1
strength data Flexure 107.2 1.7 1017
(percentage of baseline) * * x 45 degree tension 13 106.1 1°6.4
Elevazed temperatre €8S 843 8.8 746
residusl strength data Rexure 1135 87.0 911
(percentage of bassline) * * 1 4S5 degree tersion 122.2 83.0 1181
$8S dryout 93.9 94.6 95.3
Weight change data SBS 28 22 .36
Percontage gain «+ Flexure 34 .23 13
Percantage logs - $ 45 degree ‘ension 19 13 16
Woeight loss during dryout SBS dryout 94 58 1.00
Nonsolar Face
s Maiaria’ system
Proper pecimen configuration
ke 5208 5203 34
Room temperature resicual S8S N8 920 841
strengh data Flexure 1087 1320 12858
(percentage of bassiine) * * Cemrpressior 976 ‘055 37
Elevated temperature $835 776 672 e
resdual sttength data Flexura 1099 877 327
{percantage ai baseine) * * Compression s121 70.9 89¢
Stessed tensicn 118.8 918 1144
SBS drycut 105.1 957 750
Weight change data $8S 45 32 .54
Percertage gain « Flexure 3t C5 2
Percentage loes — Suessed tension 20 18 19
Weight loss during dryout SBS dryout 117 57 98
Notes:

T Griptad sippage.

These specimens excosed for 1.144 days.
Rewsdual swength data based on haseline tes:s at 1he ressec: ve ‘eMperatices
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Table 8-13. Summary of Resurts—Dallas. Nominal S-year Specimers *

Solar Face
Matenal system
Pro Specimen configuration
perty 5208 5209 334
Room temperature residual S8S 911 879 83.6
strength data Flexure 116.8 1094 116.¢
{pe-centage of bassine) * * t 45 degres tens:on 111.0 108.8 1:2.0
Eevated temperature Sa8s 7 ns .2
residue! shength data Flexure 1018 914 ™49
(percertage of baseline) * * 1 45 degree tension 119.3 86.7 119.2
S8Sdryout *** 107.6 104.0 99.0
Vieight change data SBS
Nm"‘n. n.m’ LU ) *® et e "o o0
Percentage loss — 1 45 degree tens.on
Weigit loss during dryout $B8S eryout 1.05 68 107
Nonsolar Face
S Mate1al sysiem
Property oecmen contigurat.on
5208 5209 234
Room temperature residual §BS 5.4 86.7 x7
strength data Flexure 1138 1261 1132
{percentage of baseline) * * CorTwesscn 853 1129 1528
Elevated temparature ses 912 871 T32
res:dual srengih data F exure 90.2 08 956
{percentage of baseline) * * Comoression 818 .0 83.1
Stressadtenson®* * 1.3 1977 1s8
SBS dryout*** 98¢ 1033 1001
Weight change data sas
p.m»“n‘ Fl.l‘JVO se e sese veans
Percentage loss — Strecsed tension
Waight loss during dryout S8S dryout 107 e 1.22
Notes:

®*° Tested at roam temperature.

These spscimens exposad for 1,812 days
Residusl strength data Desed 01 bese e 18s:s at the Wspectve te T Derat res.

12




Tabig B-14. Summary of Resuits—Dallas. Nommnal 10-year Specimens *

Solar Fece
S ; Maperial system
Prope pecimen configuration
b 5208 5209 S34
Room temperature residuat S$8S 109.0 989 130.4
strength data Flexure 109 4 9.5 116 6
(percontage of baseline) * * 2 45 degree tension 110.6 106.2 113.4
Elevated temperature SBS 108.7 1098 94.2
reaidual srength data Flexure 118.0 9.3 96.6
(percentage of baseline) * * 1t 45 degree tension 1383 885 1214
SBS dryout 101.3 96 100.7
Weigit change data S8s
Pmm’a'n* Mu" e e soe e seee
Percentage ioss — £ 45 degree tension
Weght loss dunng dryout SBS aryout 7 47 65
Nongsolar Face
' Material system
Prope Specimen configuration
v 5208 S209 Q34
Room temperature resicual S8s 1058 96 4 98 6
stength data Flexu:o 118 1 104 3 114.2
(percentage of baseins) * * Compression 942 331 86 4
Elevated temperature S8S 103.4 1041 6.6
rescual srength data Fiexure 1089 80.6 s
{percentage of baseine) * * Comivesson 521t 89 as?
Stressed tenson 1094 97.4 119.4
S$3S drycut 107.0 1045 108.0
Weight change data $8S
MW“n‘ F.w'. seene tsee «o v
Percetage loss — Svessed ersion
Waeight ioss during dryout SBS dryost .88 46 75
Notes:

.
.

.

t

These specimens exposed for 3.553 days.

* ** Not avaiable.
Grip 1ad si.ppage.

122

Resgual stangh data based on base re tests al he 1espectve 10moe” alures.




Table B-15. Summaty ¢t Resul's—NASA Drygen. Nom:na! 1-year Sgecirens *

Solar Face
Matenal system
Prope Specimen confguration
i 5208 5209 934
Room temperature residual S8S 1115 841 832
strength data Floxwre $9.3 104.6 1645
(peccentage of bassiine) * * 1 45 degree tens.on 104.6 110.4 1048
Elevated temperature S8s 98.5 79.1 78
residual srength data Flexure 106.1 98.8 102.8
(percentage of daseline) * * 1 45 degree tension 959 SC.6 5.9
S8S dryout 115.2 927 308
Weight change date S$BS .05 02 N
Percentage gain « Flexure -17 -4 -t
Percentage loss - 1 45 dagree tension -.08 -1 -.CS
Weight loss duning dryout S8S onyout .67 68 X o
Nonsolar Face
Spe Mazer al system
Property cimen confguraton
Pe 5208 8209 334
Room temperature residual $8S 99.2 89S 92.0
strength data Flaxure 105 .4 106 5 b
{percentage oi baseline) * * Cempression 96.9 105.9 97 ¢
Elevated temperatire S8S 101.4 82.2 bed
resichie! strongth data Flexure 1128 wret 1078
(pe-centage of baseiine) * * Compression m2t! 1758 i
Stressed tansion 105.5 91.7 10t €
$8S crycut 104.2 86.2 88.9
Weight change data $3s 40 .06 o7
Psrcertags gain « Flexure .02 -13 -CS
Percentage loss — Sressed tarsior R R €8
Weight loss during dryout $3S dryout 58 28 2
Notes:

* Theae specimens exposed for 433 days

11 Gnp tab sippege.

Remdual strength data based on basel r'e tests at the resgectve e moe’atues
! Average of two specimens.




Tatle 8-16. Summary of Results—NASA Drygen, Normina! 2-year Specimens *

Solar Face
Speci . Material system
Prope men configuration
i 5208 5209 934
Room temperature residual s$8s 1014 9.4 934
strength deta Flexure 107.8 1 100.2
{percentage of baseline) * * 1 4S5 degres tenson 1119t 127 109.1
Elevated temperature $8S 104.6 87.2 86.0
residual strength data Flexure 108.4 92.6 102.7
(perconiage of baseine) * * 1 4S degree ensicn $7.¢ 935 97.0
SBS dryout 100.7 980 100.8
Weight change data SBS 01 0 07
Percentage gain « Flexure -39 28 -25
Percentage loss — 2 4S degree tension - 32 23 -22
We'ght loss during dryout SBS dryout t s8 21 28
Nonsolar Face
; Matenal system
P Specimen configuraticn
roperty " " 234
Room terper ature residual $8s 91.7 52 S4 €
strength data Flexure 102.3 106.9 1320
(percentage of basekne) * * Compression 97 10058 1227
Elevated temoersture s8S 9.4 86.3 86.0
residual srength data Flaxure 1123 103s 136.4
{percartage of baseline) * * Compression 883 826 851
S¥essed tension 106.8 895 108.3
$BS dryout 1079 108 386
Weight change data £8s 1 -.0% 11
Percentage gain « Flexure - 47 .26 .18
Percentage loss — Stressed tenson -0 -23 -.08
Weight loss during dryout $BS dryout t 44 25 49
Nows

.

These specmens axposed for 715 cays.
Residual strangth data based on baseline tests at "he respective [eMoerat res.

?  Dryout oven overheat to 177°C (350°F), 2 days

t 1t Average of two measurements.
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Table B-17. Summary of Resuits—NASA Dryden, Nominal 3-year Specimens *

Solar Face
o Materia! system
Prope Specimen configuralicn
Y 5208 5209 934
Room temperature res.duat s8S 88.2 944 949
strength data Flexure 1111 1043 107.3
{percertage of beselne) * * 2 45 degree tension 124 117.2 108.2
Elevated tempersture sS8S§ 95.5 883 87.3
residual syength data Flexure 121 108.0 175
(percertage of baseline) * * 2 45 degree tenson 103.9 1027 101.4
$8S dryout 95.2 89§ 858
Weight change data SBS .04 01 .05
Percentage gain «+ Flexure -18 -.28 .21
Percentage loss — 2 45 dagree tension -.26 -18 -18
Weight loss during drycut $8S dryout .52 .28 .56
Nonsolar Face
Spe . ) Materal system
Propert Gmen conhgurahcn
id 52C8 §209 334
Room temperature res:cual S8S 809 931 %5
strength data Flexure 1039 11290 R
{percentage of baseline) * * Comoression 88§ 86.1% 3.3
Elevated temperatse S3s 95.0 868 864
residual strength data Flexue 1137 e e
{percentage of basefine) * ° Compression st 91.7 85.2
Stressed tension 1074 942 3e
$8S dryout 90.2 865 9:5
Weight change data §8S 07 .22 12
Percentage gain + Flaxvre - 10 -.26 -18
Percentage ioss — Stressed ters:on .04 -c8 0
Weight ‘oss during dryout S$3S aryout 56 35 .54
Notes:

t  Gnptab fakxe.

Thess soecimens exposed for 1,121 cays.
Rescual strength data based on basel ne tests 8t the respect ve lemoeran.res.




Tabie B8-18. Summary of Resufts-—NASA Dryoen, Nominal 5-year Specimens *

Solar Face
Spec Matenal sysiem
Prope :men contiguraticn
i 5208 5209 34
Room termpet sture regidual $BS 98.2 86.2 85.5
strength data Flexure 1031 105.2 108.2
{percantage of baseline) * * 2 4S5 degres tension 1100 1179 105.7
Elevated Yemoerature s8s 98.2 78.1 82.9
residual srength data Flexure 108.0 1333 1079
(percentage af baseline) - ° = 45 degres tension 102.2 95.4 97.3
S8S dryout 106.7 929 oC s
Waeight change data S8S .08 ) a7
Percentage gain «+ Flexure <19 R 26
Percertage loss — 2 45 degres tension -32 -23 -2
Woeight loss during dryout SBS drycut 82 37 65
Nonsolar Face
Soec ' Matenal sysiem
Prope pec:.men confhguration
v 5208 5209 34
Room temperature residusi s8$s 983 899 $32
strength data Flexure 106.5 104.0 138.2
{percentage cf baseiine) * * Comrpressicn 87.0 831 b ¥
Elevated tempersture s8s 9€ 3 825 a3
residual stength data Flexure 1133 954 1138
{percentage of baseline} * * Corroression 823 86 ¢ 823
Stressec tensce 106 9 954 1298
S8S drymut 105.9 970 914
Weight change data SBS .18 4 .23
Percontage gain « Flexure -.04 -12 -re
Percentage loss — Syressed tenscr .06 08 -1.18
Werght loss guring dryout S8S dryout A 42 67
Nows

LIXY

These specimens exposed for 1,822 days.
Residual strength data based on baselne tests a: the respect.ve tlemperatLres.
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Table B-19. Summary of Results—NASA Dryden Nominal 10-year Specimens *

Solar Face
S g Matenal sysiem
Property pecimen configuration
5208 5209 Q34
Room temperature resicual sB8S 107.2 1098 1129
strength data Flexure 1035 107.3 1145
(percertage of baselne) * * 1 45 degree tension 109.2 1164 11289
Elevated temperature SB8S 9.9 1003 113.¢
residual strength data Flexure 109.5 87.2 101.3
(percentage of baseine) * * % 45 degree tension 104.4 93.0 123.8
S8S dryout 118.0 118.3 1126
w.mw‘mw. sBs XN evese es e
ng‘n’ Fhmo XX xR XX
Percentags ioss — t 45 degree tensicn LR voee
Weight loss during dryout $B8S dryout cees soee seee
Nonsolar Face
Spe Material systemr
Pr cimen conhguration
operty 5208 5229 934
Room temperature residual $8S 115.2 101.2 1071
strength daia Fexure 1075 98 € 13
{percertage of basekne) * * Comptessc~ 1t 690 s8¢ 739
Elevated temparature S8S 1123 1418 1268
res duai sirength data Fiexure 044 §7.4 977
(percertage of baseiine) * * Corpression ! 1328 1.7 85.7
Stressad tension 95.0 96.7 1917
S8S a:ycut 1210 1188 1120
Woeight change data SBS vees
Percentage gain « Flexure cenn cens ceon
Percentage loss ~ Stressed tens.on oo esee eree
w.‘qh'ww’imw sesmt sese sees ev e
Notms*

*es« Nt avadadle.

t Tested in {ITR! sytle fixture

These specimens expose:d for 4,186 Cays
Resicual syength data based on basel ne t0sts a: 19 respect vo temperatures
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Table C-1. One-Year Time Alone Resxaual Strengtt:* and Weigrt Crange Resuis

Property Specimen Materal System
Contiguration 5208 5209 934
Room temperature SBS 930 520 96.7
residual Flexure 933 936 533
strength
data
(percent of baseine)
Etevated SBS 99.6 1807 995§
temperature Flexure 1003 100.4 86 7
residual
strength
data
(percent of base'ine)
Weight change data SBS -.10 - 05 23
Percent gain + Flexyre
Percent loss - -.18 - (8 16
Glass trarsition tenperature 102 98 128
(percentage of baseline)
* Residual strength data  -ported as a percantage of baseine strength at the
raspective temperature. Each data point represents five specimen tests
Tabie C-2. Two-Year Time Aicne Residual Strergth* ard Weigrt Change Resu*™s
Property Specimen Matenal System
- Contiguration 5208 5203 | a3y
Room temperature SBS 99 6 836 | ¢s€¢
residual Flexure 96 5 977 | 03¢
strength |
data
(percent o basekne)
Elevated S8S 96.2 34 9 873
temperature Flexure 977 1222 98 ¢
residual
strength
data
(percent of baseline)
Weight change cata sas -1C -C3 3
Percert gain « Flexure
Percent loss - - 14 - 09 22
Giass transition {emperature Not | racorcec
{percentage of baselne)

* Residual strength data reported as a percentage of basetne strength at the

respective temperature. Each data point represents five spec.men tests
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Table C-3. Trree-Year Time Alone Rssidual Strength® and Weight Change Resulls

Property Specimen Material System
—Cortiquration 5208 5209 834

Room temperature SBS 99 .4 95.8 950
resigual Flexure 82.0 75.2 89.4
strength

data

{percentage of basekne)
Elevaled $BS 100 2 96.2 93.8
temperature Flexure 82.1 98.1 78.5
residual

strength

data

(percentage of baseline)

Weight change data SBS -.04 «.07 -07
Percentage gain + Flexure

Percentage 10ss - -11 +.02 -13
Glass transition ten-perature Not | recorged

(percentage of basekne)

* Residual strength data reported as a percentage of baseine strength at the
respective temperature. Each data point represents five specimen tests.

Tabie C-¢4. Summary of Residual Strength After Humidity Exposure

PERCENTAGE OF BASEUNE STRENGTHS
¢ 508 4 =

; e g :
(17 o - r
& § s | § 3| % 3 1%
L
21§ © g £ |k
) o 3 %G 3 % )
Short bearn ® ] & o I 9 E )
shwar strength b} s 8 & & -] s
% o & . x 0 s
0 % 3 2 % 101 «
Fure o » ® 08 - wo n
sength s -y = 01 57 101 %
s eV (Y] & & ™ ®

"Due 10 a testng error ese scecimans ested 8282°C (180°F)

Note

Each dala po Nt reprusens. fve specmon ivss
82°C (180°F) ' ume meas.red 333 Ast £2°C (Fr Iy Desewe




Table C-5. Summary of Resicuai Strength Axer

2-year Exposure on Wet Specimen
PERCENTAGE OF BASELNE STHENG. S
" 5208 5209 <)
E £ S g E g s Y
ALEHHEIHE
w - S A
B3 (g |BE |z |B%)|¢
Short beam ®© 886 819 88 649 880 655
shear syengh
% 753 649 60.0 %5 78 506
Fexse o 1025 919 | 1004 Y 148 $28
w
3 b X ) 8.2 840 353 91 749
Now

Each data point represents fve speamen eets
82°C (1807F) vakes measured aganst 82C (18C°F) dry basedre

Table C-6. Wearherometar 6-month Nominal Exposure

RESIDUAL FLEXURE GLASS TRANSITION
STRENGTHS®, % TEMPERATURE
N TEMPERATURE 827 C (180°F) P BASELINE
5208 Painted 112 116 —_ -
Unpainted 11 105 87
5209 Painted - 83 - -
Unpainted - 100 102
934 Painted -_— Qa9 - -
Unpainted - 95 94

* Residual strength data reported as a percentage of baselne strength at the

respective temperatures  Each data point represents five specimen tests.
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Table C-7. Weatherometer 1-year Nominal Exposure

RESIDUAL FLEXURE GLASS TRANSITION
STRENGTHS®, % TEMPERATURE
e TEMPERATURE 82° C (180°F) PETBASELINE
5208 Painted 89.9 1155 95
Unpainted 94.4 92.6 97
5209 Painted - 117.3 92
Unpainted - 103.0 95
934 Painted - 108.7 96
Unpainted - 99 6 96

* Residual strength data reported as a percertage of baseine strength at the
respective temperatures. Each data point reprasents five specimen tests.

Tabke C-8. Waatherometer 24-month Nominal Exposure

RESIDUAL FLEXURE GLASS TRANSITION
STRENGTHS® % TEMPERATURE
MATERIAL
ROOM 82° C (180°F) PERCENTAGE OF
TEMPERATURE (180°F) BASELINE
5208 Painted 87 83 107
Unpanted 73 80 107
5209 Painted _— 103 1C3
Unpainted - 100 102
934 Painted —_ 79 105
Unpained — 93 1C5

* Residual strength data reported as a perceriage o’ basefine strength at the
respective termperatures. Each data point represe its hve specimen tests.
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Tatée C-9. Ground-Air-Ground Ressaual Strength® Results

TEST TEMPERATURE
M
SPECIMEN ROOM TEMPERATURE 82°C (180°F)
Shont beam shear
5208 86.4 79.3
8209 79.9 617
Q34 86.1 67.3
Flexure
5208 80.4 83.4
5209 83.1 72.6
934 87.9 79.9

* Residual strength data reported as a percentage of baseline strength at the
respective temperatures. Each data point represents five spacimen tests.

Note: All specimens exposad 10 3200 simulated ground-air-ground cycles are
described in section 7.5 and figure 30.
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